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HAZARDOUS WASTE MINIMIZATION ASSESSMENT:
FORT MEADE, MD

1 INTRODUCTION

Background

Waste minimization is the process of reducing the net outflow of hazardous solid, liquid, and
gaseous effluents from a given source or gcnerating process. It involves reducing air emissions.
contamination of surface and ground water, and land disposal by means of source reduction, recycling
processes. and treatment leading to complete destruction. Transferring pollutants from one medium to
another (e.g., from water to air) by treaunent processes is not waste minimization.

On November 8. 1984, the U.S. Congress signed into public law' the Hazardous and Solid Waste
Amendments (HSWA) act establishing a national policy on waste minimization. HSWA required the
U.S. Environmental Protection Agency (USEPA) to issue regulations that began the process of
implementing the 1984 amendments to the Resource Conservation and Recovery Act (RCRA)3 Among
the Federal regulations is a requirement that every generator of hazardous wastes (HW) producing in
excess of 2205 pounds (b)" per month certify, when hazardous wastes are manifested (listed on a
tracking document), that a hazardous waste minimization program is in operation. Generators are
required to submit biennial reports to the USEPA that describe efforts taken to reduce the volume and
toxicity of waste generated during the year. Federal regulations issued in October 1986 clarify the
status of small quantity (220 to 2205 lb/month) generators (SQG) of hazardous waste.' SQGs am
required to make a "good faith" effort to minimize hazardous waste generation and implement the best
available treatment, storage, or disposal alternative economically feasible.

The more restrictive regulations, high treatmenr'disposal expenses. and increased liability costs
prompted private industry and several government agencies to critically examine means that will lead
to prevention of pollution as opposed to end-of-pipe trea ent methods. Waste minimization is
e iomically beneficial to Amy installations. Some of the cost savings realized by minimizing wastes
resul: from: reduced transportation and disposal costs for offsite disposal; reduced compliance costs
for permits, monitoring, and enforcement; reduced onsite treatment costs; reduced onsite storage and
handling costs; lower risk of spills, accidents, and emergencies; lower long term liability and insurance
costs; reduced raw materials costs; reduced waste generation fees; reduced effluent costs and
assessments from local sewage treamnt plants; reduced production costs through better management
and efficiency: and, reduced operation and maintenanc costs.

In fiscal year (FY) 1987, the Army directly paid (duough a centrally funded process) the Defense
Logistics Agency (DLA) S17.5 million for disposal of only 15 percent of the total wastes generated
by Army instalatons 5 The DLA. through its Defense Reutilization and Marketing Offices (DRMOs)
located in several regions, was reiponsible for disposal of most categodes of hazardous waste generated

'Public Law "-616, Hwdou ad ScW Wow Awum (1964).
3 Pubfic Law 94-480, R u CowNm aud RNm-y Act (1976).

Rogudlma of do iutl of meaus and in m dccumta, all mumue m hae bern toemd m English im.
Movie mwvulm we oan p 155.

'40 CFR 261, llimf w4 L1Vg of Ifa ,, Weu. &d 40 C'R 262. SUmwrdf AMpi6kh to Geawos of
Hmwmdo Wean (1915).

SFe Regs i. Vol St. Me. 190 (Ocobw 196). p 35190-35194.
V1. C6, m ud Asmucimmm. In=. Progrwn Sawa Repert: Doqwan.w of the Amy HdeA Wins. Afhicam (U.S.
Army Enwhlmmnau OMan, AugPt 19U). p 43.
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by the installations. The installations do not have a separate funding account for waste disposai and
therefore do not realize the responsibility for waste generation and the cost of disposal. Beginning in
FY 1990. the accounting process for waste disposal will be decentralized to provide a strong economic
incentive to reduce waste generation.' The installations will have to pay the waste disposal costs from
their operation and maintenance budget.

In December 1985. the Joint Logistics Commanders (JLC) establishel the following Department
of Defense (DOD) policy:?

The generation of hazardous waste (HW) at Department of Defense activities is a short- and
long-term liability in terms of cost. environmental damage. and mission performance. A HW
minimization program shall be developed by each service and shall contain the basic concepts
in this directive

Recognizing the liabilities of improper disposal and the advantags of waste minimization, JLC
set a DOD-wide goal of 50 percent reduction in hazardous waste generation by 1992, based on the
baseline generation in 1985. The Department of the Army is folowing this DOD goal and has
established a policy applicable to all Active Army. Reserve, and National Guard installations.

Army installations are like small cities with a variety of activities that generate pollution within
their boundaries Unlike civilian cities, where there are many SQGs. each installation as a whole (and
its Commander) is a generator held responsible for complying with regulations and reducing pollution
from all the activities within its boundaries. Environmental pmection must be made a primary concern
of every employee on an insUation. Everyone must make an effort to protect air, water, and land
from industrial and chemical contaminants. Pollution prevention pays not only in terms of complying
with regulations, saving in disposalreatment costs, reducing liability and improving public image, but
alm In maintaining the good health and welfare of all people.

Each installation Is responsible for implementing a hazardous waste minimization (HAZMIN) plan
and each employee, military and civilian, is responsible for following the plan. To comply with both
the letter aid the sprit of the law, the U.S. Army Foces Command (FORSCOM) contracted the U.S.
Army Consouction Engineering Research laboratory (USACERL) to ipu- RAflW plans for five
FORSCOM installations. This report is the first of the plans and provides a framework for surveying
similar installations and developing their HAZMIN plans.

Objective

Te objective of this research was to develop a hazardou waste minimization jian for Fort
Meade. MD to include the actions necessary to accomplish reduction in volume and toxicity of
hazutous wte - pee.

* Offie of de Ainb Cha of En m - to4ma Worw Dwaqm d " DAW4.ZCP. MMunwm (1DqWr m
of dw Army. 25 O ist ft W
him Lagi" Cewmm~s "lazudam Wsne Mdffdzsn Pom." MuI - m do Dapay Semewy d Defeu,
(12 Decm IM6).
SHimW WOa Mk Him (NtAMIN) Pdak (D Unauw of die Any. I9).
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Approach

The following approach was used to develop the plan:

1. Prepare a study strategy that included development of a protocol for conducting a HW
inspection/survey. The inspection/survey protocol was developed from literature reviews and previous
HW surveys performed by the U.S. Army Environmental Hygiene Agency (USAEHA), and USACERL.

2. Conduct a survey of all possible waste generated at Fort Meade from 17 through 21 October

1988, 7 through 9 February 1989. and 22 through 24 March 1989.

3. Compile data on hazardous materials procurement by different users on the installation.

4. Compile data on hazardous waste generation for each possible generatt, on the installation.

5. Compile information on each waste stream including: waste characterization; waste source;
baseline generation: current method of treaunent. storage, and disposal and the associated costs; and
past/present minimization efforts and associated costs.

6. Prioritize waste streams by criteria such as: composition, quantity, degree of hazard, method

and cost of disposal, compliance status, liability, and potential to minimize.

7. IderviA, ,.il prioritize minimnzation options for major waste streams.

*. ,ronLuc' fiaaabillty and economic analyses of minimization options.

9. Prepare the final plan.

Although an attempt was made to quantify all the hazardous materials procured by and hazardous
wastes generated at Fort Meade, a study of the ma. balance of chemicals entering and wastes leaving
the installation (which allows developmtent of strategies for waste minimization) could not be completed
because of lack of data.

Some of the tabes prepared for this report contain blanks. The blanks do not represent zero
waste generation, but rather that the data was not available. Fort Meade should make every effort to
locate the data and update the tables. Proper inventory control will generate data for future use.

' Mode of Tedusslog Tranuter

The HAZKN plan (Appendix A) will be presented to Fort Meade for Implementation. The
recommenation that have been made should be incorporated in the installaton policies and
regutation.

Is



2 HAZARDOUS WASTE MINIMIZATION

The HSWA requires generators of hazardous wastes to cerfy that they have a waste
minimization progrant. Every waste shipmcnt manifest (or tracking document) is accompanied by the
following declaration, in compliance with Section 3002(b) of HSWA:

The generator of the hazardous waste has a program in place to reduce the volume and
toxicity of such waste to the degree determined by the generator to be economically
practicable;...

HSWA Section 3002(a) requires the generators of hazardous wastes to submit a biennial report,
including their efforts to reduce the volume and toxicity of wastes generated. HSWA Section 3005(h)
requires facilities that treat, store, or dispose of hazardous wastes to submit annual reports accompanied
by similar declarations on waste minimization.

The HSWA also established a national land disposal restriction program by developing a schedule
for banning all hazardous wastes from land disposal by May 1990. In November 1986, USEPA issued
the first set of restrictions regarding land disposal of hazardous wastes. These restrictions prohibited
land disposal of untreated and concentrated spent solvents. Deadlines for banning land disposal were
extended for other solvent wastes because it was felt that sufficient nationwide capacity for treatment
did not then exist. It may well be that in a few years commercial land disposal will be availabie only
to hazardous waste ,-esidues from treatment processes. In addition, generators must realize that they
may be held liable for environmental contamination. Therefore, alternatives to land disposal am
necessary.

Minimization includes any reduction in hazardous waste generation and any activities that result
in either a reduction in the total volume or quantity of hazardous wastes, or a reduction in the toxicity
of hazardous wastes produced, or both, as long as the activities am consistent with the national goal
minimizing present and future threats to the environmenL By this definition, treatment options such
as incineration am considered HAZMIN techniques. HAZMIN, therefore, can be achieved by:

1. Source Reduction: reducing or eliminating waste generation at the soue usually within a
process or by an action taken to reduce the mount of waste leaving a proces

2. Recycling Onte ffMsite: using a waste as an effective subtmitute for a commercial product,
or as an ingredient or feedstock in a process. Recycling also implies reclaiming useful constituent
fractions from a waste or removing cuauminants, allowing the waste to be rmused, or

3. Treatment: eliminating de hazardous characteristics cf a waste to make it nonhazardous to
human health and the enviroien.

The hierarcy dt should be used in a wast minimization proces vI shown in Figure .* The
umal munount of midue (e.g.. ash) from the process will require "ultimate" disposal (eg., landfill

burial). Various waste minimization techniques, discussed in detail below, are shown in Figure 2.
These technique can be divided into three HAZMIN categories. Maximum waste rduction is usually
ahieved by using de betn combistion of suitable techniques fom all trove categories.

'Pedmd ReGia.. Vo: $1. No. 190.
MkwkM afHmado Woe. Exctv Smw7 &W Fact Sm. EPA/d30=W-GWMf3A (US. E awmu Poodo
Ag.oy (EPA). 06k of Solid Wum, 19$6).
FIgjmu md ahn be aemd t -mi of oak chapw.
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Source Reduction

Source reduction is at the top of the hierarchy and is the "ideal" solution to the problem of
hazardous wastes. All wastes have some potential to be minimized by using better operating practices.
product/material substitution, and process changes. Source reduction eliminates the need for storage.
transportation, treatment, and residue disposal, and the associated liabilities.

Better Operating Practices

Better operating practices include the simplest source reduction measures such as reducing spillage
and leaks, inventory control, employee education/training and control, and better materials/wastes
handling practices (e.g.. segregation). Experience has shown that education and training programs in
safety and hazardous materials/wastes management can be very effective. One approach to good
housekeeping is to automate or computerize continuous processes. thereby decreasing human involve-
ment and errors. Waste segregation is an extremely important housekeeping practice that shoteld be
incorporated into the work standard. For example, mixing a minute quantity of hazardous waste with
a large quantity of nonhazardous waste generates a large quantity of hazardous waste that has to be
reported and properly disposed of. Therefore, wastes should never be mixed (e.g.. solvents and oils.
trash and solvents/oils, gasoline and solvents. etc.). Also, the purity of the waste determines its
recyclability (discussed below). Combining dissimilar wastes reduces the chance of recovering either
one of them. By using waste segregation and improved handling, most generators could considerably
reduce the quantities of wastes generated.

Inventory control is perhaps the most critcal and effective better operating practice for HAZMIN.
It is a low-cost and easily implemenable method that is popularly used in many industries." The
quantities of wastes generated can be minimized by reducing the amount of excess material in stock
and the amount used in any process or operation. Controlling the purchase of raw materials is the first
step in inventory control. Standard operating procedures that allow local or Federal supply system
purchase of only approved materials should be established. New materials must be approved before
purchase. A tracking system should be established to ensure that all the materials purchased anm used
properly. Such a materials "manifest" system is a tool that is useful not only in minimizing waste
generation but also in corn4ying with the Community "Right-To-Know" law.'2

ProductlMaterWaJ Substitdon

ProducAnaterlal substitution is a major category of source reduction. Most hazardous wastes are
so categorized because they result fnti processes that use hazardous materials as input or in an inter-
mediate step. Product subitituions we necessary to minimize the environmental impacts of some pro-
ducts (e.g.. pesticides such a DDT. 2.4.5-T. etc.) and associated wastes. Use of nonhazardous or less
hazardous products as substiutes is therefore recommended. An example of product substitution is
replacing cadmium plated products with zinc or aluminum plated products in metal finishing operations.
Material substitution can also be viewed as a change in a process that involves using nonhazardous or
less hazardous put or raw material, or a material with few impurities. Len hazardous materials with
fewer impurities can reduce the likelihood of generating high volumes of hazardous wastes. Some
examples of material substliuon am:" repleacing chlorinated solvens (e.g.. trichloroethylene LTC).

G.L HuA ued R.N. Schsu. "WbiuWzadm of KaaumosWmf Ouwsl^" in Sundwd Nebh at hawdow Waft
Trard aid Diqwme. H.M. Pmnm Ed. (MCOraw Hill New Yodi NY. 1939), pp 53-5.27; D. Hotnsh. Prajm of
PoU,4wI' Pev A Coppoubmp 4' Nofa C0oim Cam Sa#ud (Norh Crolhm Bcad of Samce nd Twehmlosy.
R-kig. NC. 1985).

,Pupl, Law .49 Tide 1I. Sqoefmd Amsei and RIMAi'a Act (1956).
"AweuiW TechMWOy PIw R'ccin ad Tmrm. f Hawde Wamn. Thid Band Repo (Califanda Duunm

of H.ih Servisi AluMPdV. T~MIs Mi Policy D.apmt Said^, 196).
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l,l-trichlomethane, etc.) with hot caustic solutions or detergents in degreasing operations: using
noncadmium pigments in ink manufacture; and replacing cyanide formulations with noncyanide
formulations in cadmium electroplating baths.

One major form of product/material substitution is "aqueous" substitution: the use of water-based
materials as inputs or products in a process. Many aqueous alternatives have been developed by the
,.,emical industries. Some examples of aqueous substitution are:' replacing organic liquids (e.g., TCE,

toddard solvent, xylene, toluene. etc.) with water-based products (e.g., Citrildeen. Histoclear, etc.) in
metal cleaning and degreasing operations; replacing petroleum-based fluids with water-based fluids in
metalworking and machining operations; substituting solvent-based ink with water-based ink in the
printing processes; and using a water-based developing system instead of a solvent-based system in the
manufacture of pinted circuit boards.

Process Changes

Some generators will have to consider either improvements in the manufacturing process or even
maor changes in the technological processes to achieve waste reduction. Process change Is a category
of source reduction and includes source co .tl. Source control implies examination and reevaluation
of the processes that generate hazardous waste. Process optimization and increased efficiency were
terms commonly used in source control projects to obtain the best quality product. Not much attention
was paid to the waste. The concept of source control, therefore, is not new. Optimizing a process
or increasing its efficiency also reduces the quantities of wastes generated. Process change or source
control can fluther be divided into: process/equipment modifications, improved contrIs, and energy/
water conservation.

Process/equipment modifications will require that operating/manufacturing processes and equipment
used for waste minimization be redesigned. Some examples of process modifications ar:" using dry
plastic media blasting instead of wet chemical stripping (with methylene chloride. hot caustics, etc.) to
remove paint from metallic substrates, replacing cocurrent rinsing with countercurrent rinsing in metal
plating and suface finishin operations, and retrofiting the existing chrome-plating processes with
equipment that reduces the discharge of rinsewater to almost zero.

Improved controls could also be included under "better operating practices." It implies proper
control of processes or equipment to reduce emissions and waste generation. Conserving energy/water
by controlling the heat input and reducing the mount of rinse/process water used can reduce emis-
sions, solid wastes, and waslewater.

Recydling OnutOffke

After all sou e reduction d ies hwe been examined for a pinular waste stream, recycling
options. both oulfa 1 a otlm, should be considered. Three types of otsite recycling operations are
available:' (1) umse of waste in the sue process (e.g., continuous mcycling of rinsewaters in
pladnSAfnishing operton, recycling of teurachlomethylene in dry deaning operations). (2) use of the
waste in a diffem pr- (eg., using waste battery acid as a neutralizn agent in an industrial
wastewater umm plm), and (3) processing the wast to produce a reue product (e.g., distilling
olvAs, buMtn ued oi1 for heat conent, etc.). Offsite ncclingIdues mehods used to proce

Au"miv Twweb for awxv md T ,maw Howdo Wd.a
Ak~"A~ Twchmikg for Re&,d& d~d T~MOR Of NeedZem Wevas

"Aemw rechmbn/W Raycfte md Trmw of Howdoe Waote.
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the waste to produce a usable product (e.g., re-refining waste oil, reclaiming lea from lead-acid
batteries, recovering silver from fixing bath solutions, incinerating hazardous wastes for heat content,
etc.).

Recycling of 'uzardous wastes is encouraged by the Federal and State governments. Hazardous
waste generators must explore all recycling opportunties for wastes whether or not the generation is
reduced. Mnustrial recyclers are available for a number of wastes. Recyclable wastes include:"
unused commercial chemical products, halogenated solvents, oxygenated solvents, hydrocarbon solvents.
petroleum products (including oils and hyt. -ulic fluids), pickling liquor, unspent acids and alkalis, and
selected empty containers Some offsite programs recycle batteries, mercury, and drums. Mffite
recycling is also a major pan of the program called "solvent leasing." In this program, a generator
will lease process equipment. The equipment owner provides clean solvent and is responsible for
removing and recycling used solvent.

An offsite recycling method that needt to be evaluated by DLA and DRMOs is the use of waste
exchanges to recycle wastes. Waste exc .nges ame operations that engage or assist in transferring
wastes and information concerning waste They help generators develop effective waste minimization
programs and comply with legislative aft Tgulatory requirements. A list of waste exchanges operating
in North Amenca is provided in TAWi - . Somne of these organizations ame waste information
*clearinghouses" and others ame waste material exchanges. The information exchanges are usually
nonprofit organizations that provide information about the availability and demand of waste materials.
Material exchanges act as agents or brokers, and usually take the waste materials, process them, and
market them for profit.

Treatment of hazardous wastes should be the last minimization choice; after source reduction and
recycling, but before multimate" disposal. Treatmnt alteatives must be considered only if source
reduction and recycling ami not feasible or economically practical. A treament process: (1) destroys
or detoxifies a hazardous waste to a material safe for disposal, (2) concentrates or reduces the volume
of wasts for safer handling and disposal. or (3) immobilizes the hazadous components to kep them
from dt envlwwomn. Generators of large amounts of hazardous wastes usually trat the wasts onsite;
generators of small amounts of hazardous wastes use offte treatment facilities. W~ith the increased
availabilty of commercially packaged treaftment units, genonr may opt to treat wastes onsire. A
hazardous residue requiring "ultimat disposal may stil be generated. Treatment processes inclu4e
neutralization, filtration, evaporation. incineration, and precipitaton. Acids, bases. end plating wastes
ame some of the waste streams that can be teared read-sI

Four broad categories of treatnm en ~ologies (physical, chemical, biological, and thermal) are
applicable to all waste streams, Physical treatent techniques, generally involving phase separation
(e.g.. solids fro. liquids), irielude:w4 separation techniques such a centrifugation. clarification,
coagulation, decanulon, encapsulation. filtration, flocculation, flotation, foaming, sedimentation,
thickeng and ultraffiltraton; and spefll component removal techiques such as adsorpton, blending,
catalysis, crystaflizatlon dialysis distillation. electrodialysl. evaporation, magnetic separation leaching,
Ion exchange liqrdd-119* 111 exrcin, reverse osmosis, strippig and sard fiukltan Some of the
physical traent techniques cmn be readily used as pretreamnt steps (e~g.. ffiltrtion sedimentation.
et.) before onsil recycling of wastes and also a a pan of bette housekeeping practices.

mAhnwiw T.*adeg *f Re*&#h aw Tmmv afmwdai we
Ma6"TnWw P Tmuef R&W &4 Tromo q m~ Nu.a1
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Chemical treatment technicres that use the differences in chemical properties of substances.
include:" mound adsorption, fixation, oxidation, precipitation, reduction, chlorination. chlorinolysis.
cyanide destruction, degradation. detoxification, ion exchange, neutralization. ozonation. and photolysis.
Biological treatment techniques include:w activated sludge digestion, aerobic processes. composting.
trickling filtration, and waste stabilization. Biological treatment processes rely on microorganisms
(bacteria. fungi. etc.) to decompose and/or bioaccumulate the contaminants in wastes.

As a HAZMIN technique, treatment, unlike source reduction or recycling, has legal (or RCRA)
implications. A permit has to be oltained for treatment of hazardous wastes. Only elementary
neutralization (e.g.. laboratory acids/bases neutralization) and "enclosed" wastewater and other treatment
units ae exempt from permitting requirements.2

HAZMIN Amssmmnt

The HAZMEN assessment procedure and development of the plan (Appendix A) was based on
the methods described in EPA (Environmenol Protection Agency) MaaaW for Waste Mininuzation
Opporunity Assessments" . and other references." The assessment protocol and survey forms are
attached in Appendix B.

Development of a successful HAZMIN program contains four critical phases: planning and
organization, assessment, feasibility analysis, and implementation (see Figure 3). Figure 4 indicates
the two phases that USACERL was involved in. The U.S. Army Forces Command (FORSCOM) did
the initial planning and organization for Fort Meade.

The first task in the assessment phase is to gather all die available inormation pertaining to
haza.dous materials procurement. waste generation, and operating procedurs. Second. the waste
streams am prioritized ad selected for assessmenL Team members ar selected and a survey agenda
Is organized. The next step is the actual survey that includes: interviewing supervisors, foremen, and
operators; observing housekeeping practices; inquiring about standard operating procedures; and
gathering information about levels of administrative controls. Waste minimization options are then
evaluated. The most promising options am selected for detailed evaluation.

In the feasibility analysis phase, the technical and economic feasibility of selected minimization
options Is evaluated. This phase includes the installation information (Chapter 3) and data gathered
(Chapter 4), waste minimization techniques for the various types of sources and wastes (Chapters 5 to
11), and economic analysis of minimization options for select waste strams (Chapter 12).

Fort Meade should impemem the HAZMIN plan according to methodology prest in Chapter
13. Succesfumplementlon of the plan will require command support and commitment. Con-
tinuanre of the HAZMIN pogrnm in the future will require constant evaluation of the goals, reassess-
mem of guro,. and developing now tvbeter procedures for minimizing wastes.

OAh..A TacwbgyjhwR&d old TruvWe qemmw~w Wmaqs.
'Abemgv rr#.w fir R: 7du a Tramm of Hd~ Ww.

40 ClP 24 Nfdem We Hmqlow Sya.. G.wd (1905).
EPA (imww Prutuim Aomy) Nom fo W.ww MwmwnmiM Oppnf.. Awnwoww. EPAMMOOIZ.33.2
(US.PA. Hmsm Wn PAgbmg Raeih Lswasoy. 1985).
R.H. Huum vHo w Condm ym Winw Miim&U= Audit." in Wuem Mbdmi1zmim Mama (Govarmmu Inlmdu
he.. Roeehdmf, MD. 19), pp 61-73 M.L R=. "Haudow Wons Mhbdms Aisu Usi4 a Two-Timed Appm."
rw£nwwd P'or Vol 7 (19U). pp 162.166; M. Dlabkia. C. nm. md H. M. Prmin. Dsvdopnm of Oputo
hr Mbdm Hamum Wom GunrO W Es" Lw W / aw. Vol 7(198). pp 167.173.
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List of Waste Exchanges
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3 FORT MEADE

History/Geography

. Fort Meade, located in Anne Arundel County. MD, is a FORSCOM installation. It has an arei
of 21 sq mi and is located to the east of the Baltimore-Washington parkway about 20 mi from
Washington. DC. One-third of the installation consists of administrative. recreational, and housing
facilities; most of the remaining portion is used as a training area and combat range.

In 1917. the U.S. Congress authoized the building of Fort Meade as a troop cantonment facility
for use during World War I. In 1928, it became a permanent Army installation. Thousands nf troops
have been trained at Fort Meade.

Presently. Fort Meade is an administrative post that houses the First U.S. Army (FUSA)
Headquarters, the National Security Agency (NSA). U.S. Army Intelligence and Security Command
(INSCOM) and many other tenants. The mission of Fort Meade Is to provide administrative support
and services to all its tenart units and all reserve units located ,, :hin the regional purview of the
FUSA.

Tenants

Of the more than 60 tnants (see Appendix C) located within the geographic boundary of Fort
Meade the major tenants are listed below:

1. Headquarters. FUSA. Building 4550.
2. INSCOM. Buildings 4552, 4553. and 4554.
3. Kimbrough Army Community Hospital (KACH), Duilding 2840.
4. National Security Agency (NSA).
5. Intelligence Material Activity ([MA), U.S. Army Material Command. Building 4544.
6. U.S. Army Institute of Dental Research (USAIDR), Building 2832.
7. Ilth Engineer Battalion. Company C, Buildings 8610, and 8492.
8. 85th Medical Battalion, Buildings 8542. 8543. 8545. and 70.
9. 209th and 293rd Military Police Companies, Buildings 8478, 8479,8486 and 8487.

10. 327th Aviation Company, Building 90, and Tipton Airfield.

Headquarters, Fort Meade administrative offices are located in buildings 4215, 4216, and 4217.
The major services and tenant support activities arm managed by the Diremorte of Engineering and
Housing (DEl), the Directorate of Logistics (DOL), Directorate of Personnel and Community Activities
(DPCA), and the Training/Audlovisual Support Center (TASC).

Environmental Proram

The Installadon Commander is responsible for complying with all the enviromnental regulations
and for control of pollutin fnn sources within the Installation boundaries. However, the DEH
through its Environmental and Enery Contrl Office (EECO) coodinaes the envnxunental policy,
permits, and compliance matters with the Federal, State and local regulatory agencies. The EECO bears
the direct responsibility of developing and directing an environmental compliance program.
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In addition to Federal/State/local regulations. Amiy Regulation (AR) 200-l' also requires all
Army installations to do everything possible to protect the environment in fulfilling their mission.
Fort Meade added a supplement to AR 200-1. in 1980. extending the visibility of the environmental
program throughout the post. All the directorates were required to appoint environmental coordinators.
Following the passage of the RCRA (1980) and HWSA (1984). hazardous materials and hazardous
wastes managers were appointed at every unit identified as a generator of hazardous waste. A
summary of the Fort Meade environmental program is provided below.

Air Pollution Control

Fort Meade is required to comply with the regulations of the Metropolitan Baltimore Air Quality
Region. which are more stringent than the rest of the State of Maryland. Because Fort Meade was
out of compliance with respect to the total suspended particulate ambient air quality standard due to
emissions from the pathological incinerator at KACH. a new incinerator was installed and permitted
in 1980 by the State of Maryland. The incinerator brought Fort Meade into compliance, which
continues to date.

Water Pollution Control

Two waste water treatment plants (WWTPs) were operated at Fort Meade from 1975 to 1980.
In 1980, USAEPA found that the treatment plants did not meet the water quality standards and issued
a compliance order. A contract was then issued to Metcalf and Eddy through the Baltimore District
of the U.S. Army Corps of Engineers to build a treaunent facility to meet the water quality standards.
One of the WWPs was deactivated and the second plant was upgraded to meet the additional influent
flow. Fort Meade had to receive a permit to discharge the backwash from the first treatment plant
filter before the second plant was upgraded. The backwash has been diverted to the upgraded WWTP
for treatment.

Radiation Pollution Control

The primary source of radiation at Fort Meade is the radiological equipment used at KACH and
the dental clinics. A 1979 radiation protection survey conducted by the AEHA concluded that all the
operations were in good order. No radioactive isotopes are used or stored at these facilities.

Solid Waste Management

Municipal and domestic wastes at Fort Meade are deposited in the Installation's only active
landfill The refuse section of the DEH operates dumpsters and transporters for these wastes. The
sanitary landfill was operated using the "trench fill" method before 1976. Folosing the passage of
RCRA. Fort Meade was required to obtain a permit to comtruct and operate a landfill. A transition
was made in late 1976 to operate the landfl using the "area fill" method and. after extensive review
by the IJSAEPA, he State of Maryland, and Anne Arundel County, a permit was issued in 1980.

Hazardous Materis and Waste Management

A pogrm to control toxic materials (e.g., Insecticides, herbicides, etc.) has been underway since
1980. Some of the hazardous materials being used on the post am listed below:

Amy Reigalon (AR) 200-1. E.mwimmrd, Proetim W n EA wwmw (lhdiqueiru Dyuunwit of de Army (HQDAL.

15 mm 1912).

27



Insecticide: Sevin, Dursban, Korlan. Ficam, Chlordane. Lindane. Pyrethrum. Phostoxin, Drione.
boric acid, Baygon. Diazinon, Malathion, DDT.

Herbicides: Amizine. Amitrol-T, Simazine. 2.4-D, Bromocil. Dicambra, Tordon, Maintain,

Roundup, Phytar. Crop rider.

Fungicides: Lignasan. Benlate, Zineb.

Rodenticides: Diphacinone, Talon. Warfarin. Zinc Phosphide. Razol Tracking Powder.

Petroleum products: Gasoline, kerosene, #2 fuel oil. diesel fuel. thinners, paints, lacquers, cleaning
solvents. nichloroethylene (TCE), I..-richloethane. JP.4, crankcase oils.

Comprssedeases:Chlorine. ammonia, acetylene, ethylene oxide.

AisAkl: Hydrochloric acid, sulfuric acid. nitric acid, acetic acid. phosphoric acid, sodium
hydroxide, potassium hydroxide, lime.

Miscellaneous: Univer, fluoride, alum. etc.

In 1988, the Installation Safety Officer instituted a new program to identify hazardous materials
for all users on the pons. A data base of the quantities procured and stored is being developed to
comply with the requirements of Title III of the Superfund Amendments and Reauthorization Act
(SARA) (I.e.. Commuity Right-To-Know).

A plan for spill prevention control and countermeasures was added to Supplement I of AR 200-1
in 197 8. Although that plan is sti in cTect. it will be modified soon. A plan for management and
d&posal of hazardous waste was developed and adopted in 1984. Some of the unique problems at Fort
Meade are discussed in the following paragraphs.

Hiazard WtE. Because of stored DDT awaiting disposal, Fort Meade applied in 1979 for
m Interim Status Permit as a generator and storage facility. The storage classification was expected
to be lifted after disposal of the DDT. However, Fort Meade continued to generate and store controlled
hazardous substances and. therefore, was required to obtain other permits. Cum0 nly, Fort Meade has
a Controled Hazardous Substances Facility Permit Issued by the State of Maryland in May 1988.

Wate Oil. Fort Meade generates about 40.000 gallons of waste oil per year. which i transported
and burned at one of the cenuu boiler plznts for heat recovery. A Soe of Maryland air quality
permit has been obtained to continue this operation.

AsbestLos azarg Friable asbestos has been found in varous old buildings on the installation.
Primarily in iruulaton it is left intact If the insulation is stiU intact Only nonasbestos replacement
insulation is used. Woriters ae required to use safety equipment during demolition of old buildinp
and in other eo-ha wokplaces Asbestos wastes ae tread a haardous wastes and properly
disposed oL

Wate D! In 190 and 1986, the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA) surveyed Fort Meade to determine past ad present activities generating hazardous
wastes. One of their recommendations was to properly secure an am identified by Fort Meade as a
potential mustard j= burial site. Furthe details of the two USATHAMA arveys am provided below.

F PAWI. Law 99.49.
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Installation Restoration Assessments

An installation restoration survey of Fort Meade was first conducted in 1980 .0 The purpose of
the assessment was to determine the existence of toxic and hazardous materials. and related contamina-
tion. with a major emphasis on the study of potential offpost migration. Ali the onsite records were
evaluated to assess the use of toxic materials. All the past and current industrial and nonindustrial
activities and operations were reviewed. The major activities were vehicle maintenance, guided missile
shop, boiler plants, photographic laboratories, laundry and drycleaning, locomotive shop. ordnance
shops, spray painting, battery shops, vapor degreasing, electncal shop, chemical and clinical laboratories,
training areas. water and wastewater treatment, and d. molition and burning. Some of the findings of
Lhe stuoy were as follows:

The two sewage treatment plants were not r eeting National Polut:on Discharge Elimination
System (NPDES) permit requirements because of occasional upsets caused by discharges from
NSA plating activities. A new WWTP was constructed and has been operational since 1983.

A sanitary landfill that has been in use since 1958 was monitored for pow.,tal leaching of
contaminants into groundwater. The question of the possible presence of leachate in groundwater
was not answered by monitoring conducted by the State of Maryland.

A clean-fill dump site is located In a boggy area south of the sanitary landfill. A survey by
USAEHA revealed that many prohibited items were illegally disposed of in this area.

Behind the boiler house (Building 8481). there is an open drain next to the bermed waste oil
tank that provides a pathway for transport of petroleum, oils, and lubricants (POL) into the
sewer. Flammable solvents were improperly stored behind Building 2246.

A suspected mustard gas burial site was not posted or secured. Proper notices were not installed
at the training range impact areas. Pesticides were improperly stored and portable latrine wastes
were disposed of at the sanitary landfiRL

The potential for offpost migration of contaminants improperly buried in the laIdfl exists via
surface and suburface water.

Some of die recommendatios of the 1980 study were that- (1) Fort Meade must coordinate
with NSA to ensure that the plating rinsewaten do not upset the chemical balance in the WWTP. (2)
the drain adjacent to the boiler house should be sealed; (3) the flammable solvents and POL must be
property stored; (4) public service personnel should be notified of hazardous material locations; (5) a
warning must be posted at the mustard gas burial site; (6) pesticides should be stored property; and
(7) a mustard gas warning should be posted on the training range Impact area.

A major cmncluson reached as a result of the 1980 survey was that a site Investigation of the
sanitary landfill must be conducted to ensure that contaminants such as pestcides, heavy metals, oil,
and greae am not migrating beyond the install&'on boundaries.

The second survey was conducted in 1986.0 The findings, conclusions, and recommendations
were:

W.D. Ltaunw. a aL Imaiom d Annone of Fr Geo C. M , (lndmdq G4Av7MSt lw Fcili4). MNe.
lad, Repot No. DRXTH-ES.IA41 V7 (U.S. Army Toxic wd Haanlow Maur" Agmcy [USATIHAMAL Aberden Pno.
ft Otmvi4 MD. 1962

* 3D. SDado6 LL Sliawood. and LA. CihitmrwUs.o pAe q Iaiuia Imadfi Anowo of Fet Gaw G. M. And
G*ihswg Reft Frily. Rpm No. AMXT t.A.87(U) (USAThAMA. Abwds Pom 8S GWmAd. MD. 1937).
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Findin Contaminants including POLs and solvents have been disposed of iit the landfill.
The soils at the landill especially dhe near-surface soils, am permeable and susceptible to
migration. Ground water and surface water analyses canducted by the State of Maryland
and USAEHA indicate the presence of contaminants.

The installation has te%;ently installed two new potable water wells in the vicinity of the
landfill. The extent of the cone of depression created in the aquifer by those new wells is
unknown. It is also unknown if the ground water under the landfill is hydraulically
connected to the aquifer in which the potable water wells are located. The possibility exists
that contaminants in the landfill could migrate into the aquifer in which the potable water
wells am located.

Conclo. Available geological evidence. information on contaminant: sources (relative
to the present sanitary landfill), and surface and ground water analyses indicate a potential
for migration of contaminants via surface and subsurface waters.

RecomendaionsU.S. Army Toxic and Hazardous Materials Agency should conduct a
limited sampling-and-analysis investigation in the vicinity of the present landfill. This
investigation should consist of installing additional monitoring wells to determine the ground
water flow direction and an analysis of the ground water to confirm dhe presence of
contaminants found in previous studies.

In response to the recommendations of the 19J6 survey. USATHAMA is currently conducting
an extensive investigation of the sanitary landfill and the potential migration of pollutants via surface
and ground water outside die boundaies of Fort Meade.

National Security Agency

The NSA Is a utnw on Fort Meade.- However. the agency has a separate USEPA identification
number (distinct from Fort Meade). is considered an independem waste generao. mid is regulate as
aui. The only problem resulting flrx NSA activities am due to the effluent from the plating
activities upsetting die chemical balance at die WW iP. These p r, lems may have been rectified (the
data is classified). The known waste generation activities at NSA. as discussed in the
USATHAMAO and USAEHAO surveys am briefly mentioned in die following paragraphs. Because
NSA is an indlependent genator Wie organization will not be discussed in detail in this report.

NSA operaws metal finishing shop in Buildings 9800 aid 91117. The activities include
degreasing. rusproofing, imodizing, etching, and plating. The plating activities include tin, coper.
cadmium, nickel silver, and clue finishing. The materials treaed in diese operations am classified.
In the put, dhe rins wrs and acidic platng bath solutions were disicharged utieated into the
simitasy sewer. However, a pretreatnent plant was designed and Is cuety operating to treat die
waters before discharge.

Large phowgrapliic pmeslng laboratories operate in Building 9600 where color adt black-and-
white films am p aerueP. These laboraories operate 7 days a wee* and disliarue many wastes Into
the sanitary serwer. Slim Is revered flue the photographic was moludau.

WAl Ladam a at.
Mndosirw Wmwem Cwmb Fvt eormge 0. Maid.. M.$.'d Wo QnaHt iqhsubm So*d No. 32-24-
026742 (U.S. Afn Ewkual Hyimn Agmy (USAEHAI. Abuare ftavft Gend. MD. 1912); 11. Rta,
'Nudoiml Seewity Agonq l~NWsu Discharges Fon Gooae 0. Meade. MO. Aiume Waft Thamma Plant.*
Mmnadum Pea md (USASHA. Absvhum Ptevft Oroa", MD6 1912).
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Building 9811 is the flammable storage warehouse used to store all the chemicals. Names of
all the chemicals used. their use rate, and method of disposal (mostly to the sanitary sewer), am listed
in the 1980 USATHAMA and 1982 USAEHA surveys." Some of the waste solutions (e.g., gold
dragout) from metal plating and uratment operations are sent for material recovery to private recovery
firms. Other wastes (e.g.. etching solutions. concentrated chemicals) are shipped for disposal through
DRMO.

A number of HAZMIN techniques ("best management practices") were suggested in the 1980
USAEHA survey to minimize the amounts of wastes generated. They are:

Construct a flow equalization tank for combined IRC and S buildings' flows. This tank
should have a minimum detention time of 3 days and be equipped with an automatic
electrical conductivity and/or pH control system.

Develop a program of water conservation for both the photoprocessing and metal finishing
operations, immediately.

Photopmcessing water conservation methods
- countercurmt rinsings
- spray washes instead of immersion washing
- squeegees following washwaers and processing
- good housekeeping to avoid chemical spills

Metal-finish water conservation
- counterflow rinsing
- flow resulctors - aerators on tusse makeup water
- still rinses
- electronic flow controls
- regular maintenance on all leaking valves and connections
- good housekeeping to avoid spills.

Institute a monitoring program for metals and cyanide in the mC and S buildings' flows.
This should be done immediately.

Reduce the levels of cyanides. paricularly ferrocyanides in the IRC and S buildings'
effluent. Tds can be accomplished with some of the following practices.

(a) Regeneration of all fenicymide bleaches. The most common method to perform
this is with a perulfate or ozone regeneration.

(b) Emure that all expended ferricyanide etclums ae collected for separate disposal.

(c) CoWder modifying the zinc and copperplating operations frm cyanide baths
to noncyanide bath. Alternatives include zinc-chloride or sulfate baths and copper
alkalin pyrophospht bath.

(d) Installation of a cyanide destruction system at the Metal Flnishing Operation.
The most common method of cyanide destruction has been alkaline chlorination.
TIs should only be done after the effects of a strict water conservation program
am evaluaed.

W.D. Lvm a d. APlwdka P. UaiJ.
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Increase the efficiency of all silver reclamation procedures.

Decrease the amount of metals leaving the plating operation. particularly copper, zinc, and
lead. Alternatives include:

(a) Separate, offsire disposal of all plating baths.

(b) Installation of a metals precipitation process preceded by a cyanide destruction
process. This should only be done after the effects of a strict water conservation
program have been evaluated.

Decrease lx~ amount of boron discharged. A water conservation program should
ACCOmp'VISh this. Additional methods include:

(a) Separate, offshe disposal for any fluoborar plating baths or excess fluoboric
acd

(b) Separate, offsite disposal for photographic processing developema

(c) Good housekeeping and management practices to reduce die spills of boron-
containing compounds.

Change the method of shredded paper dipoal... The most common method of disposal
is incineration.3'

NSA should implement (if not already accomplished) the above mentioned HAZMIN techniques
sidA other appropriate techniques discussed in this report and other sources of information listed in
the references.

An incinerator. located in Building 9837, is now used daily for incineration of Classified
docu ents. The sh is collected and disposed of in the sanitary landftl

Hazardous Waste Management Consuiltation

USAEHA conducted a hazardous waste management consulation3 at Fobrt Meade between 4 and
6 May 1988. The pwpose of the study was to identify, describe, anid evaluate sold waste management
units at Fort Meade. and tw determine which unilts require fnWt sampfin investigation, or corrective
action. Three of die major conclusions of die study were thaL, (1) die sewg. and leaf compost are-
and the 144th EOD ranges may contain toxic levels of metals and other haidous constituents; (2) the
direct support inteznorice sOp (Building 2233) was neutralizing spent be=y electroye, which was
an unpermined operation; and (3) dhe open drain near die waste oil tmbk at the main boiler facility
allows oil to Amo directly Into the storm, drain. The Prmienais.based on dhe above
concluisions, were that the unit should: (1) sample and analyze soils at die porentiaily contaminated
sites, (2) cap the P ferode arma at die sanitary landfill. (3) dIscontinuralizing spent electrolyte, and
(4) sad the waste oil containment are from the storm drain at the main boiler house.

Indufd wzrg ChwocurksionFav Gdwg 0. Mead. Mw*RA4
a valamiII qf SW Wm Mowgamw CUW- Fant Meade, Maryla, Dra Reput, Humdwe Wins Magmm
ComwlAdm Me. 37-26-138349 (USANKA. Abordmu ftowig Omead MD. hmwy 19N).
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4 SOURCES OF WASTE GENERATION AND TYPES OF WASTES

FORSCOM installations are generally administrative, hospital/medical. or active troop instaUations.
Various quantities of hazardous wastes are generated at these installations depending on their respective
missions. For comparison. Table 2 shows the quantities of waste generated at 22 installations.n

Fort Meade is reported to have generated approximately 3.4 and 3.8 tons in 1986 and 1987.
respectively, as reported In their annual Defense Environmental Status Report (DESR) and survey forms
completed for V. J. Ciccone and Associates, Inc. These are wastes that were turned in to the DRMO
for proper disposal. the numbers do not reflect the quantities of: waste oil that is being recycled for
heat recovery; recycled lead-acid batteries; burning of gasoline and aviation fuel burning at the fire
training area; contaminated water treated at the wastewater treatment plant; hazardous air emissions;
etc. Current data indicate that the average waste generation rate at Fort Meade is more than 19,000
lb per year.

Source Types

Many different source types generate hazardous wastes. It is necessary to understand each of
the source types and the wastes generated before attempting to minimize the total quantities generated.

Fort Meade is mainly an administrative installation with many tenants. The total quantity of
waste generated. compared to other FORSCOM installations, is still quite small. Since Fort Meade
generates no major waste streams, but small quantities of many different types of wastes, each waste
generator was evaluated. The data was used to develop the HAZMIN plan. The first step in the
feasibility and technical analyas was to identify and prioritize all the generators on the installation.
Next. each generator was considered in order of decreasing importance for Utiracterization of waste
streams generated. The most important waste streams were then studied to determine the minimization
options and their tecnical feasibi'ty.

Three different criteria were used to determine the ranking of the different types of sources.
The first is the number of such sources on an installation, which can vary depending on the installa-
tion's mission. The second is the number and quantities of waste streams generated at each type of
source, which Is generally known or can be estimated. And the third is the minimization potential
(including provision for cost of managing wastes) for the wastes for each type of source, which is
important in developing a feasible waste minimization plar. Based on the above criteria, each source
type was scored on a scale of I to 5. The ranking of sources, shown in Table 3, is in decreasing
order of the total scrtn. Each source type is discussed in the same order below.

Moor Pools and Vehicle Mabaennce Facilites (MPVM)

FORSCOM Insmllat ons typically have a variety of motor pools md vehicle maintenance facili-
ties for tactical and nomactical vehicles. Nontactical vehicle motor pools are used to service and
maintain all de adminismnave vehicles (e.g., ca, vans, trucks, etc.), engineering maintenance vehicles
(e.g., trucks, bulldozers, foklift, etc.) and grounds maintenance vehicles (e.g.. tractos, mowers, etc.)
on the instaitlon. Servicing ad maintenance of tactical vehicles Is performed at various troop and

'VJ. 0gw m d Amocs, Ii., p C.4.
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tactical vehicle motor pools. Tactical vehicles can be divided into track-laying vehicles (e.g.. self-
propelled howitzers, guns. mortars, armored personnel caniers, etc.) and wheeled vehicles (e.g.. cargo
trucks, ambulances, truck tractors, wreckers, etc.). Fort Meade has a number of motor pools and
vehicle maintenance facilities as shown in Table 4.

Various levels of services are performed on the vehicles at each of the motor pools and vehicle
maintenance facilities. Included in the services are: periodic maintenance (e.g.. fluids change. tuneup.
etc.). transmission maintenance, engine nepair, brake servicing, battery mpair/servicing. front-end
alignment, and unique repairs (as required. for different tactical vehicles). The typical repair opermions
that use hazardous materials and generate hazardous wastes am: oil and grease removal, engine pans
and equipment cleaning, solution replacemenz. and paint stripping and paiming (discussed later under
Pain Shops). Among the equipment commonly used at motor pools and vehicle maintenance facilities
include&: solvent sinks (parts cleaning), hot tanks (for engine and radiator cleaning), and spray
equipmem.

Some genul categories of hazardous materials used at motor pools and vehicle maintenance
facilities am: batteries, oils, petroleum distillates, mineral spirits, vausol, halogenated solvents, aromatic
hydrocarbons, oxygenated hydrocarbons, mixtures, acids, and alkalis. A variety of nonhazardous
materials (e.g., sorbent. rap, etc.) are used in conjunction with these hazardous materials and also
generate hazardous wastes.

Each motor pool generates different quantities of wastes (Table 5). The blanks in Table 5 (and
similar tables throughout this report) do not represent zero waste generation, but rather that the data
was not available. Fort Meade should make every effort to locate the da and update the tables.
Proper inventory control will generate data for future use. Fort Meade should keep recons of the
quantities of !Aadous and nonhazardous materials typically used that lead to the generation of wastes.

All MPVMs own and operate patns cleaning tanks. PD680-II is the solvent typically used In
the tanks. Very small amounts of waste solvent am turned in for disposaL Most of it is allowed to
evaporte and fmsh solvent is added from time to time. Some of the generators were in the habit of
mixing waste solvent and used oil. Used engine oil is accumulated at each WPVM In 55-gal drums
or large tanks md is transported to the boiler plant for burning.

MPVM #1, 92. and 03 am shops operated by the DEH maintenance division. Large trucks are
reirdmd aid serviced at MPVM #1. MPVM 02 services construction vehicles. Grounds maintenance
equipment Is maintained at MPVM 03. Approximately 300 gal of antifreeze am used and dumped into
the sarduy sewer each year.

MPVM #4 is a DOI.-operated motor pool for nontacdcal vehicles. Diesel fuel is used for parts
cleanis A cleaning solvent is used only for brakes and carburetor cleaning. This new maintenance
facility has modern equipment for supplying oil, atifreeze, hydraulic fluids, etc., and has been
operadn since 19M. Fuels mAch as gasoline, diesel, mid jet fuel (JP-4 oW JP-) am stored nea the
fuel distribution am. The fuels and used crankcase oils are mixed and accumulated in a 2000-gal
undergapwnd soae tank. The mixture is periodically transported to the boiler p for burning.

MPVM 05 was a "tank dop" in the 1950's and 1960's. O 1p0n included major overhaul
mid rebulding of tra:ked vehicl. Only major vehicle repairs are cuuntdy performed at the shoIx
MPVM 06, which Is operated by the Auto Craft Shop, Is the only facility tha reported generation
of usd cleaning solvent.

MPVM #7 is a uoop motor pool where a number of large, engineerit tactical vehicles ame
mainaired. About 24 to 30 large and small used lead-acid batteries am generated monthly, palleuized.
mid trned in for disposl. Two cleaning solvent tanks m operated md the solvet (PD680-II) is
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changed every 6 months. Them is no segregation of wastes and spills are evident everywhere. Used
oil is accumulated in a large tank in a POL storage area. The POL storage area has a 55-gal container
buried underground to ,ollect spills and rain water. The contents of this container are pumped into
the waste oil tank.

About 45 hospital vehicles (e.g.. ambulances, trucks. etc.) am maintained at MPVMs #8 and #9.
The solvent dip tanks located in the shops are infrequently used because they have to be repaired and
the filters need to be replaced. Wipe cleaning with solvents is the common practice. Vehicle oil
changes ae performed frequently. The schedule recommended by the Army Oil Analysis Program
(AOAP) is used only for replacing oil from diesel engines. Chemical agent resistant coating (CARC)
is used to paint vehicles.

No data were available from the other MPVMs.

Aviatim Makeemwe Faciltes (AMF)

Most FORSCOM installaions have aviation maintenance facilities for helicopters and irplanes.
Various levels of services am performed on the aircraft at each of the facilities including: periodic
mainunce (e.g., fluids change, tuneup, etc.). engine repair, brake servicing, battery repair/servicing,
and unique repairs (if required, for different aircraft). The typical repair operations that use hazardous
materals and generate hazardous wastes am: oil and grease removal, engine parts and equipment
cleaning and solution replacement, and paint stripping and painting (discussed later under Paint Shops).
Equipment commonly used at these facilities include: solvent sinks (pans cleaning), hot tanks (for
engine cleaning), and spraying equipmenL

Some general categories of hazardous materials used at AMFs am: batteries, oils, petroleum
dimifates, mineral spirits, varsol, halogenated solvents, aromatic hydrocarbons. oxygenated hydro-
carbons. mixtue acids, and alkalis. A variety of nonhazardous materials (e.g., sorbent, rags, etc.) are
used in conjunction with these hazardous materials and also generate hazardous wastes.

AMFs located at Fort Meade am listed in Table 6. Wastes generated am shown in Table 7.
Fort Meade should alo keep records of the quamities of hazardous and nonhazardous materials used
at AMFs. All the AMFs own and operate pars cleaning tanks containing PD680-ll. Used oil is
generated by all the AM.s, accumulated in 55-gal drums and large containers, and transported to the
boiler for burning. Small quantities of paint strippers am used for removing paint from aircraft being
repaired. Methylethylketone (MEK) is used for wipe cleaning of pms in all the AMFs. No waste
hMK is generated because of its volatility.

AMF #3 Is used by a reserve unit for helicopter maintenance. The used oil generated is
primarily synthetic (99 percent); less than I percent is 10W30 oiL The oil Is placed in a used oil
tank. Solvents ame mixed Iito the used oil tank. creating a mixture of about 10 percent solvents.
Smal1 quantities of isopropyl alcohol were also being used for pars cleaning. Methylene chloride-
based paint stipper is used to remove paint from aircraf.

Commaid Aviation Company operates AMP #4 for maintenance and repair of UHIH and OH
58 helicopte All the solvent waste is mixed with used oil md accumulated in a 55-gal drum.
Chemical stppfn of paint fr small portions of aircraft is accomplished with & solvent-based paint
remover. AMP #4 also has a mall dry palmt booth for painting aircraft pun. The empty paint casm
and filtets are thrown in the dumpster. A mall battery shop in AMP #4 services and rebuilds nickel.
cadmium batteries. Ther are usually 19 cells in a box that is t-sferred to DRMO for disposal.
Approximately 76 cells am accumulated in 6 months. The battery electrolyte (primarily potassium
hydroxide containing cadmium) is drained into the sanitary sewer without treatmenL
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AMP.05 is operated by the 97th ARCOM and used to maintain I I CH47 and 16 OH58
heicopter%. Some of the chemicals commonly used are: MEK. toluene. naptha. and isopropyl ketone.
Synthetic oil. antifreeze. cleaning solvent. and paint stripper are also used. The drum containing used
oil is also used to dispose of waste fuel and parts cleaning solvents. An oil-water separator is located
outside AMF #5 for collecting and removing waste oil from spills and floor drainings.

The 31st Aviation Group repaius and maintains aircraft in AMP 06. A parts cleaning tank
containing P0680-Il is located in the hangar. The waste oil generated at this facility Is mixed with
fuel and accumulated in a SS-gal container. A contractor-operated (Elmer. Inc.) facility (AMP 07) is
uscd for maitmenance of four small airplanes. A small quantity of used oil is generated. The facility
is very clean and well maintained.

lndistial Maintenance and Small Armu Shops (IMSS)

The DOL and DEH are usually responsible for the major industrial maintenance and small armis
shops on a FORSCOM Installation. The DOL and DEH industuial operatons sItops repair and maintain
everything from oflioe machines and ftuniture to smail arms and nuclear weapons. Tenant units may
als have industrial operations shops conducting muintenance and repair on a small scale. Table 8
lists the IMSS located at Fort Meade.

Industrial shops typically use vapor degreasers for degreasing operations cautic dip tanks for
cleaning iron and aluminum parts, battery recharging and neutralization tanks for battery repair/
replaement. painting and paint-stripping equipment (see Paint Shops section). and phosphoric/chromic
acid tanks for small anti refinishing. These operations use hazardous materials and generate hazar-
dous wastes Table 9 shows a list of wastes that may be generated from the industrial shops.

Many different kinds of hazardous materials ame typically used at IMSS, including halogenated
solvents (TCE, 1~.1.-tlchloroethane. etc.). pairs thinnefs (xylen. toluene. etc.). corrosive chemicals
(alkalis, phosphoric acid. chromic acdd. etc.). and radioactive materials. Although the quantities of
hazardous ad nonhiazardous materials used a die IMISSs are not currently available, proper inventory
control will generate data for future use.

No data was Pvailable regarding maintenance activities at the DEli maintenance shop (JMSS 01).

The DOL Industrial Maintenance Shop (IMSS #2), locaed in Building 2246. Is a large operation
conducting repairs on small arms, office machines. hunitume and nuclear weapons. The small arms
shop conducts a parkerizing process to put a dull finish on small aus. Mhe small ams an chemically
treated with zinc~potassium, phosphate in a 500-gal tank. The phosphate solution, which is changed
every 4 yeams is drained int 55-gal drumns and transferred to C.-MO for disposaL All the effluent
fromu the parerzing proes drains into the sewer without any trearmers. Dgreassng of parts was
originally accomplished with TCE in a vapor degreasing tank. However, the degreasing process has
been stopped. Said blasting is used to clean the surface of parts. Approximately 2000 small weapons
(M- 16, M-45, M460, etc.) are repaired per year.

PASS 02 als has a bwtery shop. The battery shop previously genurated 60 gal of waste
01o -ly per week Mhe wu was neutralized with sodium b~carbonm in small plastic containers

uvi flushed down the sanitary sewer. 11w practice has been stopped: lead-acid taterie am now
recycled wet. Battery electrlyte neutralization was also conducted In a raimber of other buildings
(69. 8549, 2124, 2253. 10CM, 466 1, 8550, the 8400 series, and 2940). All the neutralization processes
have been stopped. Generators of spent lead-acid batteies are now required to palletize them wet
for recyclinVreclarnation
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The nuclear weapons support activity uses a number of solvents (toluene. methylethylketone
(MEK). TCE, paint thinner, acetone. freon, etc.) to clean nuclear warheads on weapons. Approximately
20 items are repaired per year. Some of the activitics conducted include repaintng, preserving.
refinishing, and remarking parts.

The equipment concentration site (IMSS #3) has a large vehicle maintenance facility and a shop
for clearing weapons. All the equipment available at IMSS #3 (vehicles, grounds equipment. small
tactical vehicles, etc.) is used by reserve units for training for 2 weeks at a time. After the equipment
is returned from the training exercises, it is serviced and made available to other units. Small arms
repair consists primarily of bore cleaning and mechanical damage repairs.

An intelligence activity of the Army Material Command Is located in buiding 4554 (IMSS #4)
and consists of shops for electronics fabrication, special (plastic) fabrication, photography, and -mali
maintenance. Very small quantities of wastes are generated by these shops. A closed-loop ferric
chloride process is used for copper plating in the electronics shop. A biodegradable cutting fluid is
used in the special falcation shop as a coolant in machining activities. The basement of !MSS #4
co Ains a large underground tank used for neutralizing pH. However, maintenance has no been
pewormed on the equipment since it was installed and the pH monitor does not function properly.
Effluent from the tank is not monitored for heavy metals.

Painr Shops (PS)

A FORSCOM installation has painting operations ranging from spray painting with cans to
painting of large vehicles. DEH paint shops have the responsibility of painting buildings, preparing
signs, and painting the fleet of grounds maintenance and other vehicles. DOL paint shops have large
paint booths for painting tactical and nontactical vehicles. The only hazardous waste generated by
spray painting with cans. which is common place throughout the installation, is the empty cans with
wet/dried paint residue. Paint thinners used in large painting operations result in generation of large
qunities of hazardous waste.

The large paint shops located at Fort Meade ae listed In Table 10. The wastes generated are
lis"l in Table 11. The quantities of hazardous and nonhazardous materials used are not available.
Proper inventory control should generate this data for future use.

A lare pahit shop be :; 'ig to the DOL Maintenance Division (PS #1) is operated by a
contractor (Allied Trades) in Building 2286. In Buiding 2283, the contractor conducts battery repair.
radiator repair, and raswoflng of all vehides. PS #1 has two large painting booths. No lead-based
paints am used. CARCs am applied on the exterior of all tactical vehiCes. Enamel paints are used
on the interiors. At least thre different thinners am used. Paint .hiner %nd paint waste (containing
70 pen= thnner) Is accumulated in 55-gal drums that am transferred to DRMO every 3 months.

Hosppitas. CUnlia. aid Laoheuis (HCL)

A typical FORSCOM Installaon has at least one hospital (or medical center) providing full
medical md den servIces for active duty and retired military personnel and dependents on the
installation. Each hospital has many clinics supporting different mealcal departments (anesthesiology.
dermatology. internal medicme, obstetrics and gynecology, pathiology, radiology, surgery, urology,
etc.). Each Jeparmnent has laboratories that use hazardous materials and generate hazardous wastes.
An installation may have teaching facilities (e.g.. Institute for Dental Research) and laboratories for
training personnel belonging to other medical activities in the military services. Other dental and
veerinr clinics and facilities may also be located on the installation, The HCL on Fort Meade are
listed in Table 12.
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The preventive medicine depalment of the hospital is primarily responsible for the Safety and
security of medical staff and patients that may be exposed to haarous matenalstwastes aind emissions,
Many haardous chemicals and radioactive materials are used in hospetals. clinics, and laboratones.
The wastes include: chemical waste, infectious solid waste. noruffeczious waste. pharmaceutical waste.
and radioactive waste. Table 13 shows the wastes generated. Again, the quantities of matenials used
me not avaiable. Proper inventory control should generate this data for future

KACH (HCL 01). located in Building 2840. has a number of small clinical laboratories. All the
liquid chemical wastes are disposed of throuigh the sanitary sewer. Infectious wabies an incinerated
at a State-penniaWe (200 IMd) incinerator located in the building. Appoximately 10 to 15 "red bags*
me incinerated each day. Contents of the bags include bandages, throat inserts. atoclaved laboratory
wastes. body parts. dressings. blood, needles, and other sharp%. Sterilzed wastes aid the ash from the
incinerator an double-bagged and disposed of at the Fort Meade sanitary landfll. In the past. red bags
used to contain 10 percent infectious wastes and 90 percent general office Wastes. The operatins have
recently been improve 4 with proper control mbd logtn-ng. The infectious wat conrol manual was
revised in April 1988 to Include btter mmlugement practices. Biological wuus ame stenlized in an
autoclave before disposal in the laindfill.

Walter Reed Army Medical Center Medical Laboratory (HC. 05) conducts laboritory operations
that include specialized diseas testing and toxicology. Various specimen samples from Walter Reed
Amny Medical Center (WRAMC) in Washington. DC am tested here. The microbiology and veterinary
sections of WRAMC als maintain laboratorks and conduct special studies. The infectious wastes am
incinerated a a State-permitted incineration facility (15 Ib/h) locAte in the building. Before 1977.
all waste chemicals generated were disposed of in the sanitary sewer. Currendy all the wastes me
disposed of throuigh a contract administered by WRAMC. The wasin chemicals. gener.ed at a rate
of 5.3 gal per week, am primarily organic (e.g.. benzene. toluene. etc.).

HCL 05 also uses radioactive mateials for drug abuse studies. They meathorized through a
licenc Issued to WRAMC. Washington. D.C.. to use Nicke-63 (56 mQ.) Urnnum-238 (238 grams).
and any other element (2 mC, each up to a total of 100 mC,).

Photor~y. Pr~n. and ArU/Crqt Shop (PPMS)

FORSCOM Installations hav photoiapphy' and prim thops tha conduc a wide range of printing
operations including staridaar forms. brochures, pamphlets newsletters, and circular. The shops
perform image and plate processing. Image pmoessing Is a methv4 for peemng artwork that includes
typesetting and photopocessing The photographic process produces a negative with the light portions
of the photographed object filled with deposits of silver. Among dsthe ps Involved in a photogiro hc
process an: developing, fixing. washing. an duc otentifying. Wastes produced by the
photographic proesses include. chemical wastes, bath dumps, and watewaters containing
photoprocessing chemicals, silver, etc.

The pilingn process requie an image carlier (manual mechanical electrostatic, or
phoumechmiical) thue taltes the ink fne a roller and transfers it to a rubbur blanket. The image is
then truisfend hom dou ngbbe blanket to a psiper. Wastes produ1ced ftm this printing proces
Include: wante It". trash, used plates used Ink containers. damagedl or wom rubber blmr*As. wast
Press oils (lubricat oils), cleanup solverms and rags.

There sam six main photographic activides at Fort Meade a stown in Table 14. Awv of the
laboratories am small. Photiographic activities an also conducted at KACH mnd IMA. The main
photographic laibortory. TASC. locate in building 4406 (PPAS 02). perfonus mom of the photographic
development for the installation (except for NSA). Silver Is rovensi from all she photographic
laborsooy wats The quantity of siver wante recycled throuigh DRMO is135 Ia per weekl. A silver
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recovery program also exists for all X-ray film processed on Fort Meade. The remaining wastes are
allowed to drain into the sanitary sewer. These activities need to keep records of the wastes generated
and materials used.

TASC has the only large prirding shop on Fort Meade. AlU the liquid wastes gene-ied in the
printing procesies (e.g.. inks. solvents. etc.) am mixed and accumulated in 55-gal drum, and turned
in for disposal Small quantities of chemicals are also used at a model shop located at TASC.

Other Source Types

Other source types at a typical FORSCOM installation include: heating and cooling plants.
laundry and drycleaning facilities, sanitary landfills, wastewater treatment plants. troop units. industnal
wastewater treatment plants, fire departments, hazardous waste storage facilities, POL storage yards.
golf couses. grounds maintenance/garden shops, entomology shops, elcctncal maintenance shops.
storage warehouses. water treatment plants, and other miscellaneous sources unique to each installation.

The main boiler facility at Fort Meade (Building 8481) is used to bum waste oil (contaminated
with solvent, hydraulic fluids. etc.) which is generated throughout the installation and by offpost reserve
centers. Two above-ground 1000-gal tanks and a 20,0OO-gal underground tank are used to store the
waste oil. The potential cxists for release of oil through an open tank drain to the storm drain located
within die benned ama around the tanks. The underground storage tank must be tested for possible
leaks. The potential also exists for toxic air emissions exiting from the boiler stack. Waste oil that
is blended (1:'5) with fuel oil and burned is not tested.

Three other boiler plants (located in Buildings 268, 2251, and 2482) also bum fuel oiL Some
of the pollutamts generated at these plants include contaminated fuel oil, boiler blowdown, hazardous
ash, and potentially toxic emissions. Corrosive (e.8., caustic potash) and combustible (e.g..
cyclohexylamine) chemicals am commonly stored and used at these plants.

DOL operates a laundry and drycleaning facility at Fort Meade. The drycleaning plant is a
dosed-loop recycling system using about 200 gal of petchloroethyknwe per month. The filters fom
the drycleaning machine am cleaned with water, which is allowed to drain into the sanitary sewer.
Equipment filters and contaminated water are therefore the wastes generated. Corrosive chemicals
(e.g., caustic soda, bleach) am used in the laundering process.

The sanitary lndfi s operated by the Public Works Branch of the DEH have been surveyed by
USATHAMA and USAEHA a mentioned previously. A detailed investigation, including groundw. "r
aid soil gas monitoing is cuntnly being conducted by USATHAMA. Among the wastes buried in
the landfills them could be hazardous (POL products), Infectious, and ordnance wastes. Groundwater
contamination could therefore result from the chemicals leaching through the soil. The potential exists
for offipost migration of pollutan through surface and subsurface transport

'The DEH ublic Works Banch operates the wastewater treatmen plam for treaiunem of domestic
sewage. Acids, baes, solvents, and other chemicals ae used in the operation of the plat and in the
chemical analysis of water. Except for NSA's advanced pretreatment plant, there .r. no industrial
wtewa tie uent plants at Fort Meate.

Since Fort Meade is - administrative post. very few active troop units and many reserve troop
units ar stationed ther Typical wast generated from the troop units consist of decontaminating
agents (e.g., DS-2. STB). batteries, and pesticide spray cans.

The 144th Ordnance Detachunem (EO[D) Is a major active troop unit that conducts open burning
and open detonation (OB/OD) of ammunition. Demolition and burning of small arms ammunition,
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smoke grenades, ether containers, etc.. am conducted at Training Range 16. A potential exists for
releasing nitrate salts and ammonia into groundwater and toxic emissions into ambient air. EOD is
limited to 5 pounds of explosives per detonation. Demolition requiring larger limits is conducted at
Fort A. P. Hill. VA. Before 1981. demolition was also conducted at Training Ran;e 22. Explosives
such as TNT and C4 were disposed of.

Two areas on Fort Meade were previously used for firefighting training. The first site. used in
the 1960's and 1970's, is now the helicopter hangar at Tipton Army Airfield, MD. The site contai..s
two concrete-lined pits and an unbermed concrete slab. A number of fuels, oils, and inks were burned
unUl consumed at this site. The drainage from this area went on the surrounding land. Another
firefighting training area, built in 1979, exists near the airfield. This burn pit is asbestos.lined and
has an oil-water separator connected to the drainage pipe. This facility has been used only once since
construction. Another training pit, currently in use. is located at the north end of Tipton Army
Airfield. Fuel and water are pumped into the pit and ignited for taining. Wastc 'uels such as Mogas.
diesel. JP4, and oil am burned. This could lead to potentialy toxic air emissions. The soil in the
pit and the surrounding area is likely to be contaminated with toxic pollutants. In addition to
contaminated soil. the other wastes generated by fire departments include chemicals with expired shelf
life and aqueous film-forming foam used in firefighting.

A water quality laboratory is operated at the water treatment plant (Building 8688) where small
quantides of chemicals for analysis are stored. Water is analyzed in the laboratory for pH, alkalinity.
hardness, chlorine residual, conductivity, and fecal chloroform. Another small laboratory is maintained
at the wastewater treatment plant for analysis of wastewaters for biological oxygen demand (BOD).
dissolved oxygen (DO), total dissolved solids (TDS), and suspended solids (SS). All the wastes from
these laboratories am discharged into the sanitary sewer.

The hazardous waste storage building (Building 6527) is a permitted area used to store waste
POL products, paint, film. elecronic materials, batteries, decontaminating agents. demilitarized
ammnition, and polychlodnated biphenyl (PCB)-contaminated equipment. Other storage warehouses
m located throughout Fort Meade. The potential exists for soil contmination from spills.

Pest control at Fort Meade is the responsibility of the Enmmology Shop (Building 6212).
Malathion, Diazinon, Baygn, Dieldrin, Chlonlane, Dibrom, Lindane, Anticoagulam, Bomcil IV,
Fenuwn, Telvar, Dowpon Sodium Salt. Diacamba 49S, 2,4-D, and Warfarin are stored and mixed in
the building. Other pesticides am stored at Building 6621. In the past. p-rtidde rinsewasers were
disposed of in the sanitary sewer. Other herbicides and fertiliz are store- and applied throughout
Fort Meade by the Land Management Branch. Pesticides and herbicides used for golf course
maintenmnce me also stored in the golf course stom shed (Building 8S90). USAEHA has an
Entomology Sciences Division where experiments am cwducted on the effects of iecticides on

Sand other pests.

A small rotatae bun cap (6 to 8 cu ft) located outside the Fat Wade Heakquater bulding
Is used to incnerate claified documenms.

Wet" Selected Abr TWemc Analysis

The data presented i the previous section was obtained durig the HAZMIN survey. Other
soures of information include the annual reports and waste dispoal information available ftrm the
Defense Reutilization and Marketing Service (DRMS).'

WMD Dn. Dsfms Rndfadu in u Makbiis Selvi Ddata lahd= Aw7. Das. Cash. Mbligai.
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Table 15 shows t annual wastes generated by Fort Meade. This data is derived from the

ann"al reports to the USEPA and the State of Maryland. Department of Solid and Hazardous Wastes.

All wastes transferred to the DRMO for offsite disposal are picked up by a contractor who
transports them to an authorized treatment. storage. and disposal facility (TSDF). The contractor,
Chemical Waste Management, has been employed by Fort Meade since 1986. When the wastes are
transported, they ae manifested. A copy of the manifest is sent to DRMS. At DRMS the data is
loggcd ir:o a centr,!! dta base.

The waste disposal data for the past 4 years was obtained from DRMS in hardcopy. All the
data was scanned into a microcomputer and transformed into a dBase [1[ Plus data file. Information
from copies of manifests was compared with the information in the data base. The waste generation
data was then sorted by DOD Address Activity Code (DODAAC) to determine the types and quantities
of wastes.

Tables 16 and 17 show summaries of hazardous waste generation for Fort Meade derived from
all the sources of information. PCBs were not included in the tables. Used oil is not a hazardous
waste. If mixed with solvents and other contaminants, it could become a hazardous waste. Only a
small quantity was turned in for disposal. Most of the used oil is burned in a boiler. The quantities
of used oil burned were 14,387, 37,756. and 39.734 gals in 1986. 1987, and 1988, respectively.
Approximately, 22 percent is from DOL shops, 21 percent from DEH shops. 53 percent from the
MPVMs and AMFs. and 4 percent from remaining sources.

Paint thinner, cleaning solvent, and used oil ae the wastes considered for detailed technical and
economic analysis in Chapter 12. Paint wastes, particularly paint thinner, are generated in large
quantities. Although only small quantities of waste cleaning solvent are rported, it is likely to be
consumed in pans cleaning and allowed to evaporate. Although used oil is not a hazardous waste. it
is generated in the largest amount and hence considered for technical/economic analysis.
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Table 2

Hazardous Waste Generation at FORSCOM Installations'

Quam4ty of Wmt Quanity of Wast Quantity of Wow
Geerated Generated Osae Generated Of ske

Imtallatoe (metri tar) (metric tomm) (me tae)

INS 19116 19*7 INS I "ITs i 1967

A.P. Hill /s 0.6 810.7 nVa 0.6 810.7 0.0 0.0 0.0

Bass 94.5 246.9 258.2 94.5 2363 242.3 0.0 10.6 15.9

Bucbaun -

Campbell 181.1 42.3 83.7 181.1 42.3 83.7 0.0 0.0 0.0

Carson 37.5 29.1 28.9 37.5 29.1 28.9 0.0 0.0 0.0

Deven 1142.6 339.4 412.4 1142.6 359.4 412.4 0.0 0.0 0.0

Drun 18.4 39.0 0.7 18.4 39.0 0.7 0.0 0.0 0.0
Hood 46.3 238.5 129.8 465 223.0 129.6 0.0 15.5 0.3
hwin 2090.4 1019.6 1224.1 2090.4 1019.6 1224.1 0.0 0.0 0.0
Lowl nVa 214.3 668.3 Va 1873 6493 ram 27.0 19.0
McCoy 62.6 35.1 64A0 23.9 23.5 26.2 38.7 11.6 37.8

McPbeuoo 0.1 2.4 w/a 0.1 2.4 hia 0.0 0.0 V/a

Meas via 3.1 3.5 nVa 3.1 3.5 we 0.0 0.0

Ord 190.9 293.9 Via 190.9 290.8 1/a 0.0 3.1 nVa

Polk 0.1 20.7 11.5 0.1 20.7 11.5 0.0 0.0 .0

PMtad SP - -

Richwdm 21.1 16.4 4.8 21.1 1&4 4.8 0.0 0.0 0.0

Riley 1.6 18.6 13.6 18.6 18.6 18.6 0.0 0.0 0.0

Sam Housam 34.7 33.4 193 34.7 32.7 13. 0.0 0.7 1.3
Sherdm 4.9 4.9 4.9 4.9 4.9 4.9 0.0 0.0 0.0

Smwar Humr 7.7 302.4 445.1 7.7 302.4 443A8 0.0 0.0 0.0

Wabkwi& 27.2 16.9 63.6 19.4 16.1 29.3 7.8 0.7 34.3

Toal 39783 23735 42533 3932.4 2918.2 4144.8 46.5 69.2 103.6

*Saw= VJ. Clom ad Assocam, . p C.4.

42

I



Table 3

List of Sources Ranked in Order of Importance

Numbers and
Source Quantities of Minimization

Rank Types Numbers Waste Streams Potential Total

I Mow Pools OWVehicle S 5 4 14
mammamnace faiitie

a Aviatin bimiuuuce 4 5 4 13
facilities

HI husuwila Ma~kmm. 2 S 5 12

TV Puint ahaps 3 3 S 11

V Hospias. cinics uid 2 3 3 1

V11 Rimvhy. wnting. 1 3 3 7

VU FH@@WViqag 1 3 2 6

vm Ls~mrwn 1 2 2 S

facilitis

VC siay lanills 1 1 2 4

X Wuuwmuam 1 2 1 4

)a TMOPiuiw I 1 1 3

)M Frdu I1- 1 1 3

XEM Huwm wseamp I 1 1 3

XV POL srap yni I 1 1 3

XV Golf Ioam 1 1 3

XVI Okawa.k Mdins I 1 1 3

XVII Ehbmfd minam I 1 1 3

-- Odwmssg wivowese I 1 1 3

xx WwGmmas ph"s1 0 2

Mimlm.. 10 2
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Table 4

Motor Pools and Vehicle Maintenance (MPVM) Facilities

1. DEH Equipment Maintenance - M & S Shop #1; Building 2217

2. DEH Equipment Maintenance - M & S Shop #2: Building 2227

3. DEH Equipment Maintenance. M & S Shop #3. Building 375

4. DOL Transport Branch Operations, Mantenwce Sectior; Building 201. 294

5. DOL Maintenance Division. Tactical Vehicles / Heavy Equipment (BROCKMEYER);
Building 2246, 2253

6. ACS Auto Craft Building 6530

7. 11th Engineer Battalion, Company D - Motor rool; Building 8492

8. 85th Medical Battalion - Motor Pool; Building 72

9. 702nd Medical Company - Motor Pool; Building 71

10. 99th ASA CO - Motor Pool; Building 2125

11. 209h Military Police Company - Motor Pool; Building 487

12. 293d Mliuwy Police Company - Motor Pool; Building 8478

13. HQ Company, 902d M"-ry bnelligence Group - Motor Pool Buldi 4662

14. NSGA Fort Meade - Vehicle Maireance

44



or 0.C

96B

C i
i4



Table 6

Aviation Maintenance Facilities

1. Command Aviation Company; BuiIding 82
2. Det. I A Co.. 2nd Bn/228th Reg.; Building 84
3. Civilian Work Force; BuildirS ASP 85
4. 11th Spec. Forces Flight Mai.; Building 84
5. B Co. 5th Bn/159th Reg.; Building 90
6. Beechraft Contmt Maint.; Building 84
7. 97th Army Reserve Command
8. C Co. 4th Bn/158th Reg.; Building 85

Table 7

Quantities of Hazardous Wastes Generated at AM i

Wates AMF# 1 2 3 4 S 6 7

Spent cleaning solvent 210 1430 2145
MEK dogma & claw
Calibrming fluid
Paint so iper 141 169
Pant dtinner
FAts (paint booth) 0 0
Used paint cum
Engine oil 2186 417 8197 228
Deicer solution 23
Nickel.dmiu= Bmm 152
Aquem detergent or cous m
Detms solution ft aom wma

Oily dirt widt hoy mealk
Spent so ben
Contamloaed W (Avps)

Solvent k-ba .om duudum
Contemniamd w r

•QumUM e I up in pemi p yw.

46



Table 8

Industrial Maintenance and Small Arms Shops

1. DEH Maintenance & Repair Branch - Industrial Shop; Building 3000. 4272
2. DOL Maintenance Division; Building 2220. 2246. 2253, 2276
3. Equipment Concentration Site; Building 2120A. B, C
4. USA Material Command. Intelligence Mat Act (IMA); Building 2501, 4554

Table 9

Quantities of Hazardous Wastes Generated at IMSS"

Wastes IMSS # 1 2 3 4

Dereasing solvent (wichlnroethylene) 0
Depreing solvent (1,1.1-trichloroedane) 0
Paint thizmen 170
Surface Chisers
Pint wama
Lube oil
Hydmauii/uuinv fluids
Coamove chemicals (caustc soda)
Coosaive chemicals (osphoric acid)
Coamive chemicals (chromic acid)
Caenive chemicals (phosphot solutm)
Tank botlms

p~mt wrn

Srm ciauing compourd (alkali wastes)
Radimctive wastg 10
Rodiecilv souce (UDM-2)
Bawiees (had-acd NICAD)

*Quantides am reported in pounds per year.
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Table 10

Paint Shops

1. DOL Maintenance Division - Allied Trades Section; Building 2283, 2286, 2287
2. DEli Paint Shop; Building 2213
3. NSGA Fort Meade - Barracks Upkeep/Maintenance

Table I11

Quantities of Hazardous Wastes Generated at PS

WUN. PS#8 1 2 3

O~Wmed pant ams

Pawint nae. eqwpnw m ea 1651
Shellac tinnzer

Pain ppur

Detegent soluDan (rm floo wash
Oily dirt with heavy memis

SpDina rap

Canemmd wam
Filom haI -9F boofs
Sbig. hEm warwal hent

O'J-m mp-n f- p you.
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Table 12

Hospitals, Clinics, and Laboratories (HCL)

I. Kimbrough Army Community Hospital (KACH); Building 2840

2. Veterinary Activities; Building 2442

3. Dental Activity; Building 2455
4. EPES Dental Clinic. Building 8472
5. Walter Reed Army Medical Center. Medical Laboratory; Building 2490

6. U.S. Army Institute of Dental Research (IDR); Buildings 2801. 2802. 2804.
2805. 2810, 2811. 2832

Table 13

Quantities of Hazardous Wastes Generated at HCL

Wutes HCL# 1 1 3 4 $ 6

Pthological wages

Medical Infectious 5400 (bSs)

Phmweudcl wastes

Chemical wams
Radiowdve wums
Photographic wars

Table 14

Photography, Printing, and Arts/Crafts Shops (PPAS)

I. ACS Armid Crafts. Buding 6530
2. DPTh(S TaininglAudiovisual SPr CTR (TAS); Buildings 4406, 504, T544

3. USARCS, OTJAO - Micropaphic Equipment Operation
4. CPD. Mwb ap"y
5. 902D MI Group- Visual Information Section Building 4554

6. USAISC Micrpaphics
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Table IS

Fort Meade Hazardous Waste Generation

General Description Haz. Char. USEPA Annual Generation fibs)
Hazard Code 1984 1985 1986 1987 1988

Spen p.,int &.;nner ~ pitable 0001 9062 2,25 459 9800
Mineral spirts ignitable D001
Paint. oil base ignitable 0001 3550 6180
Lacquer ignitable 0001 OD
Epo7 y coating ignitable 0001

01) ;-c- in ignitable DOOI
Asphit rmrignitable DOO1
SeaLa.; ignitable DOOI
Cemert. rubber ignitable DOO1 2420
Supemropical bleach ignitable 0001
Wast petrolem Solvent ignitable DOOI 1463 3700
Cleawing solvent ignitable DOOI 280 1416
Isopropyl alcohol ignitable DOO1
Ink ignitable DOOI
Adl'sives ignitable 0001
Misellaneous chemicals

Amyl nitrite ignitable 0001 5 58
Others ignitable DOO1 573 .1 62

Replenshe developer corrosive D002 4696
Sodium hydroxide soi.(peVm) corosve D002 1560 1275 1990
Sulfuric acid corrosive D002 30 30

Potssum hydroxide corrosive 0002
Bsaey acid .orosve D002
Acefic acid corrosive 000W
Misceimu chemicals

Bateries (acid, uorag) corrosive D002 101
Other coDsv 002 2574 3582 4400

Misceiuieou chermicals
Chemical agen ntining so reactive 0003 28 20
Cmuti do. aget reac 003 78 78
Other rawtive 0003 270

Arsenic cmpouds loaic 00 143
Bairn Compounds toxic D005
Nickelatium Ieese IoUc 0006 125 489 829
Chroateus oludalls toxic 0007 33
Lend toxic D008 is
mercury toxic 0009 283 48 57
Selemunt toxic 0010
Silve tlaic 0011 16
En"ei tomic D012
Uindat toxic D013
Me1,h9 -ychiar toxic D014 200 200
Toxaphmn wzic 0015
2A-Dlchropheasyacec acid toxic D016
Silvex toxic D017
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Table 15 (Cont'd)

General Description Ha. Char. USEPA Annual Generation (tbs)
Hazard Code 1984 1915 1986 1987 1981

Trichloroe hylene toxic F001
Methylene chloride toxic F001
Pehloroethylene toxic FO01
Carbon terachlonde toxic FOOl
1,.1-flichlonoethane toxic FOOl
Spent halogenated solvents toxic F002
Spent nonhalogenazed solvents toxic, ignitable F003 795 160
Spent mnhalogenaled solvents toxic, ignitable F005 120 45

Aldrin toxic P004
Anenic acid toxic P010
Cyanides toxic P030
Dieldrin toxic P037
DURSBAN toxic P040 225 225
3A4.dihydroxy-apha-methyl

benzyl alcohol toxic P042
Endrin toxic P051
Fluorine toxic P056
Heptuhlor toxic P059
p-Niuimane toxic P077
PenachloerphenoD toxic P090
Maluhion toxic P097 612 400
3,4-Hydroxycomani & sai toxic P001

Acoldehyde toxic UO001
Acctn ignitble U002
Acetlnisle toxic, ignitable U003
Asbatoo toxic U013
Beam rxeic U019
Chlorodane toxic U036
Chloraom toxic. ignitable U044 48
DDT toxic U061
Dichtmom txic U080 45
Diane toxic U108
Ethyl wela oxic, ign',able U112
Ethyl ether twic, ignitable U117
Fonat Ge:yde toxic U122
Iodondmme toxic U138
Irom dexam toxic U139
Mehdmol toxic U154
Methyl ethyl keam (MEK) toxic, ignitable U159
Phenol toxic U188
Tolmne toxic U220

,ll.Thchloroedimme toxic U226 3
Xylem laic U239
Dlabma e a toxic U070

PCB & PCB comtsmnmd itm toxic U248 8079 6720 1055

chemicals UOXX 3541 1360 683
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S WASTE MINIMIZATION FOR MOTOR POOLS AND VEHICLE MAINTENANCE
FACILITIES AND AVIATION MAINTENANCE FACILITIES

The typical maintenance and repair operations conducted in a vehicle or aviation maintenance
facility are: oil and grease removal; engine, pans, and equipment cleaning; rust removal- and solution
replacement. Table 18 lists the operations, the corresponding materials used, and the wastes generated.
Table 19 lists the process descriptions and the corresponding waste desciptions according to hazardous
waste codes and Department of Transportation (DOT) classifications. These waste descriptions are used
when shipping the wastes offsite. Most of the wastes generated at MPVM ae: pans cleaning solu-
dons and miscellaneous detergent solutions, oil and grease from engine cleaning, spent automotive
fluids, and lead-acid batteries. AMP generated most of the above wastes (except automotive fluids and
lead-acid batteries) and nickel-cadmium batteries. Paint removal and painting operations may also
occur at both MPVM and AMF. The minimization of wastes from such activities is discussed in
Chapter 7.

Some of the equipment used, primarily in parts cleaning operations. ae solvent sinks, hot tanks.
and jet spray washers. Proper operation of this equipment minimizes material use and waste generation.
The solvent in the sinks is recirculated continuously from a tank to the pans wash tray. The solvent
(e.g.. PD680-11) is replaced periodically. Hot tanks contain aqueous detergent or caustic solutions for
immersion cleaning. These tanks are equipped with air or mechanical agitation devices and electrical
heating devices to heat the solution to 356 IF. The jet spray washers consist of nozzles that emit
roting water jets to clean parts immersed in an aqueous wash solution. The contaminated liquid
and sludge from both the hot tanks and jet sprays am removed periodically.

Most of the minimization options discussed below have been obtained from Waste Audit Study -
Ausomnodve Rep.s = d other references.m

Source Reduction

AU Wastes - Better Operating Practica

Beter housekeeping practices ae necessary to minimize the quantity and toxicity of wastes or
emissions generated. Some of the methods include: closing the lids of containers (e.g.. solvent sinks)
containing volatile substances (e.g.. Stoddard solvent): conveniently locating cleaning equipment near
service bays; increasing empliyee awareness of proper waste handling and disposal procedures; labeling
hazardous waste contaimn p ypedy segregating wastes in separ containers; and separating
trashioUds before waste collection ibr recycling or treatment.2 Draining wastes to a sewer is not a
good practice and may be illegal in many states. Inadvertent bse (spills) can also be minimized by
usin good housekeeping practices.

MW.M. Toy. Wae Amit Sk* . A wm tqpvars (AN ft dwe Calihirnda Depuww of Heddi Smi. uern
CA. 191n)
Hawdow Wow ReAwim Chw9. -Aaamwae Re Shop (Caifrnia Depmsnew of Me" Svicms. Toxic $Susmw
Camel DivimM9d68): N wam fawuAsmsu, H' b,-A -1 ui RqmW ShWps (CAghmnaDvIqmnW
of Huii Saviecr Tonic Su Iume Comiol Division. 1988).

'WM. Toy. pp 27-2.
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All Wastes - 3etter Operating Practices - Segregation

Segregation of waste streams is a very good practice that minimizes hazardous waste generation
and also increases the recyclability of wastes. It is extremely important not to mix solvents and oils.
Mixing results in a liquid with very little recycle value and increases the costs of disposal."
Minimizing the quantity of contaminants in solvents improves the purity of reclaimed solvent (in onsite
recyclirg) and its market value (in offsite recycling). Used oils, after being drained from engines are
known to be contaminated with pans cleaning solvent, carburetor cleaner, fuels, rags, water, trash
etc.' These contaminants may make the used oil a hazardous waste due to ignitability, corrosivity.
or toxicity, thereby reducing the possibility of energy recovery by burning it in boilers or reducing its
market value (for offsite reclamation).

All Wastes . Be. :r Operatng Practices - Periodic Maintenance and Cleanup of Equipment

AU the equipment, including solvent sinks, hot "anks. and spray washers, must be properly
maintained. The tank bottoms must be cleaned frequendy to reduce sludge accumulation and contami-
nation of replacement solutions.

Solvent (PD680-I) - Material Substi uion . PD680-11

Petroleum distillate Type I (PD680-1) is a flammable substance with a flash point of 102 OF.
which is below the USEPA's flammability hazard limit of 140 IF. It must be substituted with
petroleum distillate Type 1I (PD680-1) that has a flash point of 140 OF or above. Changes must be
made in the local and centralized procurement processes to prevent users from obtaining PD680-I.
When ordering solvent, de user must specify that substitution is not acceptable.

Solvent (P)680-Il) - Better Operating Practices

A parts cleaning solvent, such as PD680-. must not be used to dean floors or hands. It is
expensive and must be dedicated to the intended purpose of pats cleaning only. Immersion and
removal of parts from the solvent sinks must be done slowly to minimize splashes and rapid evapora-
tion of solvent.

Solvent (PD680-11) - Better Operatft Practices - Emisloi Minimization

Among the good husekeepitg pratimes, effos to reduce air emissions ase probebly the most
sinpificam in term of re wfn haardous wasles released to the enviriumev. Using coven on solvent
sinks (or cold ealing tnks) co result in a 24 to 50 petr Pt reduction in solvent loues." Several
standard methods am available for minimizing emlssios fron immersion cleaning, wipe cleaning, and
spray cleaning operstions."

'R Sol'a Anmd Um 09 ad Solo ft-Wiu Gide. Floo Itmn (Ned Emp mi Eb,.wal Suppon
AeMdty. Pun Hum- - CA. 3m 1965).

.LC. C~ow 0. Gui.,a n I.A. o sd" ,, f Wow Oil or Amy law . Tamlcakl Itpwi N.
135/ADA13O9 (USACERL. Solamb, 192).

* ICF Aso w bo- G.w w. &dmv Wow R eocum AUinWoue: FiW R w (FtPopm fr thCakkf Dmpa wm
of Hok Suvim. Ochub 196). p 4-11 ftgli 4-13.

"ASTM SunMd D364M0 "Staud Goddim 1 for a Comi m Sa 5-6 Mei~ i Sys" Amo 8k,
Af d A m .So i"j qf Tmivr eul Na Sadin'ld. Vol 15.05 (Amism 4-1 -) of Tooml a MouAd IASTM.

39



Solvent (PD680-Il) .Process Change

If dip tanks or dunk buckets full of solvent are used for parts cicaning. the process must be
modified. 'vcnt sinks clean pans more effectively and are easy to use. Spillage and evaporation
is less from solvent sinks than from d*p tanks or buckets. Equipment leasing services (see Table 20)
lease solvent sinks. The equipment. taw materials, maintenance, and waste removal are part of the
contract and are included in the service price (see Table 21). Testing of solvents (discussed be: ow)
before changing must be included in the contract.

If a leasing service is not desirable economically, a solvent sink must be purchased and the waste
solvent recycled. Table 22 lists the sizes and the approximate costs of solvent pans washers. Local
vendors must be contacted for exact information.

Solvent (PD680-11) - Process Change- Testing

Solvents are normally replaced periodically, based on the operator's perception of "dirtiness."
Simple tests to estimate the "solvation power" of the %pent solvent can be used to extend the life of
the solvent before disposal. The physicochemical tests most useful for used solvent testing are:
absorbence. specific gravity, viscosity, and electrical conductivity. Testing instruments (optical probe
cotonmeter, electronic specific gravity meter, Ostwald viscometer, and electrical ;onductivity meter) are
commercially available. By obtaining a measure of these properties, the usefulness of the solvent can
be determined based on Table 23. If the total score (sum of the ratings for all the properties) is less
than 6, the solvent is not "spent." If the score is greater than 6. the solvent should be recycled. The
creria provided in Table 23 aum only recommendations; they must be revised based on site-specific
use and testing. Using solvent testing will reduce raw material and waste disposal costs and minimize
the wastes generated.

Solvent (PD680-11) - Process Change - Solvent Sinks (Equipment) Modifiations

Solvent losses can be minimized by adding drip trays and lids to existing soIve A sinks. About
2to 40 percent of the solvent is lost because of spillage and about 20 percent because of evapora-
tion." Racks or baskets may be designed and fitted to the solvent sinks to drain parts after cleaning.
Minimiying solvent losses results in cost savings for the raw material and waste handling/disposal.

Carburetor Cleaner - Product Substitution

Carburetor cleaners typically contain methylene chloride (< 47 percent), 1l.l-trichloroethane (< 5
percent). =syllc acid (< 27 percent), and wetting agents. The automobile industry has reformulated
them to exclude the use of l,l,-1.achlooethane." Substitute cleaners must be used.

Used OU - 8e~e Opemwng Prctica - Selective Segregation

Segregatio of used oils and reated products is not a source reduction alternative in the stuictest
sense of the teem. yet selective segreption of used oil products may ultimately reduce the large
volumes of hazadous wastea that could be produced by mixing used oils with radiator drainings
(containing oxylaem phenols, ketones, and acids) and used solvents. Product segregation is cost.

BA. Dmmwa.. a aL. Und Solvenv Tte.n4 & Rechwwama Volme I: Cold-Chwing Selftw. Tabdeal Repon N.
i30$AD)A204731. Vol I (USACERL. Igbe 1968.

1W.M. Toy. pp A-I - A-23.
W.M. Toy. p 20.
D.W. tntm, l.L Whioum. od CJ. TMmpo MuneiaUtewe -ofsd amciq Oi a Dqesmwa V Dqiaae
hamddm:, A Guide. NU ON71 1.2 (NgWal bumia (ot Petolem md Ewany Renm 1936). p 26.
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intensive initially, hut many factors favut selective segregation of used oils. These factors include
but are not limited to: the increasing costs of hazardous waste disposal. particularly for mixed waste
disposal; the fact that the British thermal unit (Btu) value of used oil for burning as a fuel is lowered
by the presence of solvents; and under USEPA regulations, hazardous wastes cannot be burned except
in boilers with air pollution controls and secondary burners. These factors effectively prohibit blending
used oil with boilcr fuel if the used oil is listed as a hazardous waste.

Used Oil - Process Change - Fast Lube Oil Change System (FLOCS)

The Fast Lube Oil Change System (FLOCS) is a quick and efficient method of draining crankcase
oil from vehicles. The model 30A FLOCS oil evacuation unit is designed to evacuate oil from
crankcases under a vacuum. The engines must be fitted with quick-connect couplings to provide easy
access to the oil drain, eliminating the need for lifts or pits. Because the oil is evacuated under
vacuum pressure. sludge buildup in the oil pans is reduced. Spills are virtually eliminated and a
substantial savings in time, labor costs, and equipment can be realized. All FLOCS units are designed
to accommodate manual draining of the oil pan when necessary.

A single FLOCS unit was tested at Peterson Air Force Base (AFB), CO, from February 1982 to
April 1983 to determine if FLOCS afford sufficient advantages over the normal lube oil changc
methods to warrant its adoption in the Air Force. Savings during 1 year of operation totaled $1.176.00
for 25 vehicles. A total savings of $7,526.40 was expected based on a conservative 8-year life
expectancy for the unit. A payback of 1.6 years was projected. The economic success of the FLOCS
unit, along with the elimination of spills that could result in accidents to shop personnel, prompted
recommendations that the FLOCS evacuation unit be adopted for Air Fowre use."

Cautic Wastes - Product Substitution

Caustic cleaning compounds are used in hot tanks and jet spray washers. Substitution of
detergent compounds minimizes the amount of hazardous (corrosive) wastes produced. Caustic
compounds are necessary for cleaning engines made of iron or iron alloys. With the rapid change to
manufacturing engine blocks of aluminum, the use of detergent solutions for cleaning is also increasing.

Caustic Wastes - Process Change - Hot Tank (Equoment) Modifications

A major waste from hot tank operations is the tank Itv sludge containing heavy metals, oil,
grease, etc. A typical practice is to dislodge the sludge from the bottom of the tank and dump it into
a sump Installing a collection tray with an overflow to the sump will allow for proper capture and
disposal of the sludge. Hot tanks must also be equipped with drip trays and pans for collecting
solution that drips off the pans after cleaning. The solution in the trays or pans must then be emptied
back into the hot tank.

Aqueous or Caustic Wastes - Process Change - Dry Ovens

Hot tanks or spray washers are typically used for engines/pam washing. If the parts are small
enough, ovens could be used to bum off the grease, oil, and particles. The dry ash can then be
removed from the parts using shot blaster% (preferably with plastic beads) and disposed of in a landfill.
The ash must be tested for toxicity before assigning a disposal method. Testing the oven stack emis-
sions for air pollutants may be required. However, using a dry oven will eliminate hazardous
(corrosive and toxic) wastes that contain caustics, heavy metals, and oily dirt.

Mmq~as../qmam~ Ewa/umtim Awv Rilpen H32-l3 (1.1 Space Ssust Grew. U.S,, .- Fae, Pewnm Aa re

Ba. CO. 1963).
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Aqueous Wastes - Process Change - Two-stage Cleaning in Jet Spray Operations

Most of the parts covered with oil. grease. and heavy dirt residues are cleaned using ,,t spray
operations. If many parts need to be cleaned, a two-stage cleaning operation might provide cleaner
pans in a shorter time. Two washers can be connected in series with the first removing most of the
heavier residue and the second providing the final rinse. The cleaning solution from the second tank
is transferred to the first tank (countercurrent processing).

Annfreete Solution - Better Operating Practice - No Draining

Current practice is to dispose of spent antifreeze solution from radiators by emptying it directly
into either a municipal or Installation sanitary sewer system. Although the solution contains primarily
ethylene glycol (which is poisonous), it is biodegradable and is neither carcinogenic nor mutagenic.
Therefore, disposal in a sewer system should not present a problem." However, the U.S. Army Mobil-
ity Equipment Research and Development Command has documented the presence of phenols, ketones.
acids, oxylates, and aldehydes in radiator drainings formed during the use of ethylene glycol as a
coolant.0 Antifreeze wastes ae considered hazardous wastes in some sates (e.g., California) because
ethylene glycol's oral human lethal dose (LD.) is 1400 mglkg. which is far below the state toxicity
limit of 5000 mg/kg. As other state and local regulations lower the levels of phenols permitted in
drinking water and sewage treatment plant effluents, antifreeze waste may have to be disposed of as
a hazardous waste.

Antifreeze Soltion - Product Substitution

Biological treatment of the ethylene glycol wase stream is difficult and the chlorination processes
(commonly used in a waste treatment plant) generate other toxic chlorinated hydrocarbons. Substituting
propylene glycol for ethylene glycol in antifreeze formulas will reduce the toxicity of the waste stream.
Propylene glycol Is a nontoxic compound commonly used as a food addltve."

An reese " don - Process Change - Testing

Testing the auifteeze solution, which may currently be drained into the sanitary sewers, before
draining and disposal can help minimize the amount of wastes generated. Standard methodologies
available for testing engine coolants in can and light tnacks may be adapted for other types of
vehicles. Elec emical tests based on the measurement of galvanic currents have proven useful for
measuring the levels of corrosion inhibitors and corrosivity of the antifeez solution in a radiator (or
any other heat trafer device)." Such test methods allow continuous monitoring of the solution to
determine the exact time of change (rather than change on a pedodic bais, such as 6 months, or when
the mechanic thinks it is diny*).

*Unina Cabid Campaam 1coAa~1p& ofUCAR Ddeir Raih &vd £si G*ai (Howdam Momoiab TelumaJ
Cosw. Ro.kvAU MD, 1964).
JJ. Caby sd .. JamU . R ig Vua Aow#Now. .t 21WIADAU7100 (U Amy MobUiy Numnw
Rome" md Duaptm Commnd (1AMERC-. :'-m Ddvo. VA. 1976)
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Ant~feeze Solution -Process Change -Extend Life

A Military Specification. MEL-A-53009n, developed by the U.S. Army Researeh and Development
Center. Fort Belvoir. VA. allows the use of antifreeze (MEL.A4615313) whose inhibitor system has
reached a marginal condition.' The military additive can extend the life of the antifreeze by more than
I year. It was originally developed for use if new antifreeze was in short supply. During 1987 and
1988. ethylene glycol was in short supply because of the unavailability of ethylene (base stock) and
the retaii price doubled. In addition to environmental incentives. economic incentives to minimize the
quantities of ethylene glycol wastes generated also exist.

Brake Shoes (Asbestos Waste) - Better Operating Practices

Asbestos dust. released when replacing brake shoes, is a hazardous waste. Friable (crushed under
hand pressure) asbestos must be carefully collected and handled as a hazardous waste. Some equipment
leasing companies may also provide asbestos collection services.

Recycling Onslte/Ofikite

Solvent (PD680-II) - Onsite Recycling - Distillation

If large quantities of solvents are used (i.e.. over 4000 gali'yr) they can be recycled onsite using
distillation stills. These units offer a quick investment payback (i.e.. less than 3 years)."' In the
distillation process, the solvent i boiled and the vapors are condensed and collected in a separate
container. Substances with a higher boiling point than the solvent (e.g.. oils, metal residues, etc.)
remain in the bottotm of the still. A smaller amount of contaminants will result in a higher puity for
the reclaimed solvent. Therefore, it is very important to segregate solvent wastes from oils and other
contaminants in the service bays. Table 24 lists some of the major suppliers of solvent distillation
equipment. Detailed comparisons of the economics of distillation and solvent management options
discussed in this chapter are available elsewhere.*

Solvent (PD68O-II) - Offsk Recycling - Cbnuractlfeased Recycling

Solvent sinks for parts cleaning can be owned or leased. in a lease arrangement, the contractor
(e.g.. Safety Kicen) replaces frsh solvent peuiodically (specified in the contract) and takes the spent
solvent for recycling. Wastes can thus be better contained and the solvent recycled rather than disposed
of. Contract recycling has been accepted as a good practice by the automobile industry." Table 20
lists some of the equipment leasing and service companies.

UMilmy Spmlfts" ML.A3=0. A4*gim w. m eP ftw~ir Liqui C..iu4 Sya.. (Dqwnm of Datum (DOD].
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Solvent and Carburetor Cleaner- Offsite Recycling

Solvent and carburetor cleaner wastes can also be sent to a solvent contractor/recycler for offsite
recycling. A number of companies (Table 20) provide this service.

Carburetor Cleaner - Offsite Recycling - Contract/Leased Recycling

Some companies distill spent carburetor cleaners and return the cleaner to the user. Equipment
similar to solvent sinks are available for lease or purchase. The contract fees include the cost of
periodic pickup and disposal of sink bottoms. Companies that provide equipment leasing services for
caiburetor cleaners are listed in Table 20.

Used Oil - Onsite Recycling - Gravity SeparanonBlending

A state-of-the-art RACOR7 oil-to-fuel blending system that will help avoid the problem of
disposing of used oils has been developed. The RACOR system is typically used in conjunction with
a fuel reservoir or tank. The system blends waste diesel crankcase oil with diesel fuel, It also
filters/recycles and transfers diesel fuel from the fuel holding tank. The system comes with a waste
holding tank and oil injection system. Used oil from the system's holding tank is blended into diesel
fuel (not to exceed 5 percent) and cycled through a three-stage filter to remove water and solid
contaminants, resulting in a fuel that is 99.5 percent free of emulsified water and solid particulates.
Use of a closed-loop system such as the RACOR system may satisfy all technical requirements and
military specifications for oil/fuel blends" and should be tested.

Used Oil - Offsite Recycling - Closed-Loop Contract

A closed-loop re-refining contract stipulates that the re-refiner agrees to process the used oil
furnished by the generator, returning it to original quality for a contracted price per gallon. The re-
refiner does not take ownership of the used oil but merely assumes custody of the oil until it is
returned to the 1-enerator.

Among the possible disadvantages of a closed-loop contract is that installations may wish to offer
used oil, solvents, and synthetic lubricants as a package. Of more immediate and important concern.
is that before re-refined oil can be used in govemment vehicles and engines, it requires approval for
the Qualified Products List. Approval is a costly procedure but ensures that the product meets
specificati.ns. With estimates of $50,000 for an engine sequence test (1982 dollars) to qualify used
oil to meet Amy requre,:-"." many re-refiners are reluctant to enter into a contractual agreement
unless the cost of such tests can ,a. : "luded in tl,- closed-loop contracL More recent studies have
placed the c- of such a qalification pA,.4,lre it S75,000.0

Used Oil - Offsite Recycling - Sale wv ." yclers

Sale of used lubricating oils may be the most economical answer for an installati - --. ,,ugh
burning and closed-loop recycling agreements offer increased economic rewards, constraints may limit
the options available to an installation and make selling used oil the only feasible alternative. The cost

D.W. Brlnnaui. W.F. Marshall. mel M.L Whimu Wa re Minioitaion Ttrosgh Emhw Wax. Oil Mmacefwuv. NIPER
B06903.1 (National Institut for Pemluman nd EarIy Ruserch, 1987); T.C. Bowam Padonal Communicaion. U.S. Army.
Delvoir R&D Center, Mamerials. Fuels, we Lubricuw Laborawoy. Fon Belvoir. VA. 1937.
Militwy Specificaon MII.L-461S2. Laicaung Oil. wenra, Cowhmionm Eneu. Adiniwaiv. Service. Metric (DOD.
I August 19U8).
LC. Chicoime, G.L Owdes. ad BA Donahue. pp 16.19.
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of selling or disposing of used oil includes sampling and testing the oil. storage N ic s3le, 55-
gal drums for saleldisposal. inventorying expenses, advertising for bid solicitations, b, iluation, bid
letting, and accounting. Draft USEPA regulations, when finalized, could increase ' workload of
sales personnel slightly by requiring the sellirg installation (or DRMO/DRMS) to nwity the USEPA
of the intent to market used lubricating oil and obtain an identification number. Certfied analyses on
each batch of used oil will also be required. and if the oil is classified as a hazardous waste, it iust
be manifested and transported by a licensed hazardous waste hauler and may be distributed only to an
industrial user.

Antifreeze Solutions- Onsite Recycling

In addition to reducing the quantity of waste produced. there is a major economic incentive for
recycling and reusing amifieeze solutions. Because of the shortage of ethylene, the price of antifreeze
has more than doubled in the past 2 years ($3 to S8/gal) and it is in short supply. A simple recycling
method is available. This method includes mechanical filtration that removes large particles before
the solution is pumped into a large tank. An antifreeze extenuer is added to the tank ba.;ed on the
measured pH. The extender neutralizes the acidic byproducts in used antifreeze. The whole recycling
system is available as a skid-mounted, 100-gal batch unit.

Lead-Acid Batteries- Offsite Recycling

Because of their weight, lead-acid batteries are the largest quantity of waste generated from
vehicle maintenance facilities. Battery recyclers pay between $1.00 and $1.50 per battery (or $0.20
to $0.40 per pound, wet or dry). The batteries are rebuilt or processed to recover lead. Approximately
20 percent of the batteries can be rebuilt. Table 20 lists processors and smelters of lead-acid batteries.
Insullation logistics personnel can transport "intact" lead-acid batteries to a recycling facility if one is
located nearby. A bill of lading is required if more than 10 batteries are transported at any time. Use
of a registered hazardous waste lauler is not required and the waste does not have to be manifested.
However, cracked or broken batteries must be transported as hazardous waste by registered haulers.

Aqueous or Caustic Wastes - Equopment Leasing

Hot tanks and spray. washers are also available from equipment leasing companies (Table 21).
The leasing service fee is site-specific and usually includes the raw materials, equipment maintenance,
and waste disposal costs.

Dirty RagslUnifoms - OnsitelOffsite Recycling - Laundry Service

Rags used to wipe up spills or clean off grease must not te disposed of as trash in a solid waste
container. They must be collected and sent with dirty uniforms to a laundry for cleaning.

Treatment

Used Oil.- Onsite Prerement - Filration

A number of filtration devices am available for removing solids from used oil. Simple screen
filters must be used when draining oil into containers to prevent entry of large objects (e.g., rags, cans,

GLYCLEAN . AM..mie Rcycfusa Syr, bmchr (FPPF Cemucal Co. Inc.. I17 W. Tuppw S., Buffalo, NY 14201,
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trash. etc.). Other filter media ranging fromn sand to fibrous material are available in filtration units

for removing solids and even water.

Used Oil - Onsitc Pretreatment - Gravity Separation

Gravity wparafion units are composed of a serics of tanks used to contain oil and allow for
gradual sedimentation of solids and water because of gravitational force and buoyancy. These units
usually include skimmers and pumps to remove the 'hater and solids. Some of the units usc heat to
enhance separation. Gravity separators are effective on used oils Lhat do not contain cmuls.ons and
when a sufficient residence time can ac provided for settling to occur."

Used Oil- Onsite Treatment - BlendinglBuring

Used oil exceeding any of the specification levels for toxic metals, flash point. or total halogen
content is termed "off specification used oil" and is subject to regulatory controls. Furthermore. an
installation without an industrially classified boiler and whose used oil has hazardous characteristics
(heavy metals, halogens. toxics) must blend the oil to meet burning specifications. Regulations
regarding used oil for burning can be found in a DOD Mcmorandum."

Classification as an industrial boiler requires that energy from the boiler be used in manufacturing
operations. The manufacture of steam or heat does not satisfy this crit.ria.0 The amount of used oil
to be blended with the fuel is not likely to have short-term impacts on the combustion efficiency of
a boiler, but long-term use will likely present a problem in repeated clogging of pipes and nozzles.
accelerated corrosion of pipes and tanks, and a reduction of heat transfer efficiency.41 Current Navy
regulations limit the amount of used oil in fuel oil blends to I percent." Mixtures up to 5 percent oil.
however, appear to have no appreciable impact on the Btu value of the fuel oil m -uture and result in
only minor additional maintenance costs, although long-term impacts of blendingftnixing on operating
parameters of boilers are unknown.

Before blending and burning, used oils must be filtered to remove any large impurities. Other
important characteristics of used oils as a boiler fuel ame API gravity and viscosity. Viscosity will
impact the flow rate of the fuel and the spray pattern from the nozzle as the fuel is introduced to the
boiler. The API gravity of an oil is a function of the specific gravity and is related to the heat of the
burning oil. Firing temperatures for a given viscosity and discussions of the relationships between
specific gravity. API gravity, and heating value can be found in literature."'

Aqueous Wastes - Onsite Pretreatmen- Filtration

Installing filters on aqueous waste streams to collect grit and heavy residue increases the life of
the wash solution. In one case.s providing a pump-around loop through a 25-micron filter bag ton
a slipstream from jet spray washer) extended the solution life by 2 weeks, thus minimizing the qu,-itity
requiring subsequent treaunent or disposal.

R H. Salveun Asascise. pp 54.57.
DOD Maimoraunm for Depuy of EnvLfrwfeL. Safety uid Occupatonl Hea" 0ASA (tAL). DmAy Direc,, for
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Aqueous Wastes - Onsite Treatment- Evaporation

Aqueous wastes consist primarily of water with various amounts of contaminants. Evaporating
the water minimizes the amount of waste requiring disposal. In an evaporaton device, the water is
heated away (using an electric or natural gas heating device) leaving behind a semisolid or solid residue
requiring disposal. Oil, if present in the waste, could inhibit boiling. Solid residue accumulated on
the inner surface of the evaporator could inhibit heat transfer and, therefore, it may have to be cleaned
frequently. Table 25 is a list of suppiers of aqueous waste volume ,eduction equipment.

Aqueous Wastes - Onsite Treatment- Waste Treatment

Onsite batch treatment devices that neutralize and precipitate heavy metals from aqueous wastes
ae available." A pretreatment system is included to separate oil and grease. Sulfuric acid is added
to reduce the pH to between 2 and 3 to reduce any hexavalent chrome to a trivalent state. Adding
sulfites leads to precipitation of trivalent chrome. Sodium hydroxide is then added to raise the pH and
precipitate the remaining metallic species. The precipitates settle to the bottom as a sludge and the
water decanted from the top may be reused in cleaning processes. A filter press is included to reduce
the water content of the sludge produced, thus also minimizing the volume to be disposed of.

Carburetor Cleaner - Offite Treatment

Some solvent iecyclers (e.g.. Safety Kleen. Safe-Way Chemical) send spent carburetor cleaners
to another company (e.g., Solvent Services) for treatment. This treatment process produces a lacquer
wash from the spent carburetor cleaner." Lacquer wash can be recycled and used in paint stripping
processes.

Antfreeze Solution - Offsite Treatment

If large quantities of spent antifreeze solutions are generated at vehicle maintenance operations,
the solutions can be treated at an approved treatment facility (Table 20) for recovery of ethylene glycol
that may be used as waste fuel.

Lead-Acid Banery Electrolyte - Treatment

Lead-acid batteries must not be drained. These batteries ae not a hazardous waste if they are
sold to a recycler. Draining the batteries creates two types of wastes: lead drou, and spent sulfuric
acid contaminated with lead. The electrolyte, ii drained, must be neutralized and tested for lead and
lead salts and neutalized before draining into the sewer.

NICAD iiattery Electrolyte. Treatment

NICAD battery cells contain a caustic potassium hydroxide solution (31 percent by weight). This
electolv'e is corroaive. The electrolyte also contains cadmium and cadmium salts that are listed by
the USireA as hauslous wastes. The electrolyte must therefore be tested for cadmium and neutralized
before disposal in the sewer.

"W.A. Toy. pp 25-27.
"W.AL Toy, pp 31-32.
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Table 18

Typical MPVM and AMF Operations With Materials Used and Wastes Generated*

Process( Materials Ingredients wastes
operation used generated

CHIa a m ramvAl degsr - (puik). -abwr palumu dastllasm ausmc sgniahh warses spen
dleamn, engine claean. hydwmwbmn. mutual spius solvents. conbasile solids.
VUSaL. solvau. acidulalkais was acid/alialina soluuam

Eagina, P-%. aadl degamanna (pink). cuuamesr - -~m distaflamss. Win"a *mmablsms. "an
"NOR"ms ciSmala cmam engine clame. hydocadsm. , ea si. solenia. contusM.l solids.

solvents. scidefeskalis cleaming baus. wam.e pialem warnm aidskalminolns
fluids U-

Rom ruaevil nava idlly. wqaids .ahomphourc &md. VANNddi wa ids. wanom al
acid. hydiclbmtic acKd
Wawau hydimwd

Sweaden rapacmst awm satolm. PSWomn ayl.. 9lVOL. FM mulahmdimme k"qid mmombube
wi dinUdLas liquid

Lead-od 60a4ms mmainch vuds. backed lead dise. lAs dm 3 Veme uaed lesdcid be uieson
rsdswgb. reposk, daldl vebwkl. and cibe .qwasui fm aids sad

besedu

NICAD Mfalbelai rbd, alosrn and abi-*a Dawy mal coainimo WI weed NICAD bar) calls.
drainif bRms ag as

*Sourm- H. Manslow, Hawfdos War SQG Worbook (hareg Gtaup. Inc, Chkmcago, 196)
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Table 20

Partial Usting of Waste Recyclers, Haulers, Equipment Leasing Companies,
and Equipment Manufacturers*

comwa " mdAuras Ttephom Sgive." Caual Wam U*.d Used
and iuvlae wage wowe ONl aI~e bau~erin

Acts-lein(213) 723.5111
P.O. So& 273 (714) 944.3330 x
Pico Riven CA 9066 Haule. wWe

AMA=ic LAIe (213) 538.7161
571 Comuna Aveum Heain, tader falit. X X
Los Ame. CA 90011 Owd fecycler

AAmes Eavioemulw Svc Corp (415) 325-2666
2061 Bay RdA. P.O. Bait 50757 Recycler X
Palo Abo. CA 94303

Antiem Enviunwma Svc. Coc* (818) 337-337
1601 L Anow Hwy, Unit H Racycke x
lIoWide, CA 91706

Appuop.m Teuhaogoeu UI (619) 421.1175
1700 M eul Road ptac.eer X X
Obda VisW CA 92011

BSaffi DIamule La (619) 295.0041
3596 California Sue Haule. pacuaor. el: X
Sea Diqo, CA 92101

Dawna Dlkealm. h. (415) 7944511
1333 3mrpIe 0,1w HwAl. pasenr. selwe X
Newauk, CA 94560

21"Sioy Rod owyprmuae. 7.000
Sm Joe. CA "122 bnomb pawsd

awday OweaI (408) 72740634
200&B3 W"l AMime Hamie. -auo x
Sams am CA 95050

Dad's Oil Seuvia nc (6M3) 2584155
1340 Won Lleoob Sam Pumem" x
Ftamix. AZ SSW0

CalaI.. 0R Recyclare bLa (415) 79.410
97 am Road pjimee X x
Sm Cauloe CA 94070

Ca...Ted SyMe (213) 28495M
3650 Ra 2" Sam Prn0ee X
Lme Amohe. CA 90062

*Sow Heed.., Waft Rftadm Chedtig - Antamtfr Reper SA~v P 172M
Now~ Nuns of odw compmil qwesfi w ah =a cm be obsaW. fto gab Pwladosu. ueacliMs Od loal-~hn dkeanada.
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Table 20 (Cont'd)

Cmnpmy aid addams Telehone Solmand Caujic Wie Clid cowd

amm.Tak (415) 91861
1719-3 Ma" ~CM Equqmm Ileat d x
Lee Alma.. CA 94022 sm wuy

Domomoouaalndom (213) 537.7100
2000 Naek Mlmoodh SUM Processor x-mwn CA 9022

Peas Chooicd Industris (213) 581-9214
340V Foidand Avwm Haulsa. pma X
Lms Afles. CA 9M03 __________________________________________

amwiund Puod& C0m1 (916) 969.S130% (503) 2267331
5253 SW Meado v Rd. Saim 120 Pmesor. mcyul. x
LA@e Osaiso. OR 97M3 AlD had bamorwsa

EqummonsI AMINAMe CuIP6 (313) M-51644 Hot too
1433 Lidoma A'inm an jat RMa Weaer x
SON& M 6000 CA 91733 mmaoaumw

E"Wro.m Ol (415) 7954400
6180 SiwaW Asames Roeyclu x
Newook CA 9456

EKO1SC (30M)257-9390
27333 bdaWa Pk. "ld 1. Usk I Procssor. mcyuls X
Vajeal,6 CA 9135

Pad P .s, W (503) 264111M
P.O. Bod 140? Rauulhs x
Wood" WA 986 ________________________ ______

01a Oil A Robuig k. MMU 3274613
3121 Smild Saw loo X
lakdild. CA 9"308 __________________

GNU. lea. - mb 094dm (213) h3 0 ' Laud-d
V70 So6 hollma Sam ham passe 9.00 him. x
Lms Aqelams. CA 9002 Sm. womotcmd e -

KowlA Doiima, Im (403) 427-277
210 flos Stro Kids. aom X
Sma Comm. CA 956 _____________________________

H1dolgkvim Obild (714) $463M9
1341 BARm Mawood (714) 536-4554 X
Sm. Aim CA 9206Wue

Has T&O Sopply amP 229.036
37333. Cainu Aoma 3qmalll hin Md x
Rs CA 93703 111top

hodolw OIb OM03 U44u3
P.O.L oft 2221 Rma X
Kka" Fall. OR 97d0

rr Copfflems HMD Podky (415) 274100
419 Pdw Doti Kids A . XX
Mato&n CA 94853
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Table 20 (Cont'd)

Comnpams en am.es Tdeihein Solel Ca.4e WNWs Usd.se
sawm e at ws" on 00 atN m boutrive

115 Wa.Waa. Inc. (4W) 294.9717
1076 Park Mue Solvers puts wadws x
Sa Joss CA mea0dacwtor

K.1hanky Dew. S"ppy (714) 7334516
Noft Lmm Sum. Racycr. Spurn Imserw x
Aanseun. CA 92301

Labricatia C. of America (213) U64.1091
4212 Eas Pactic Way Hadr. pocesso x
Los AWWl. CA 9M~

MC1Kua OWNm C416 (213) M69-931
5353 101amo Stree Ruder. so1w x
Commerce CA 90040

N" hOl Roriu Conk (619) 474-7511
GM0 was 12th SLWg PNmSsUM
Nsdwa ityw. CA 92M3

Oil mod Sol-- Proces C& (813) 334-3117
1704 Won Furs SUiM Har. pamnor. ashier X
Mae CA 91702

OiWep arnw Cim~y (213) 6980991
12504 W. Whifter Blvd. Hauler Proessor. OWUi X
Whamir. CA 90402

mogs Coney OmmieI C& (619) 4890796
425 ANiIOMMg Dulva NauAd. .11w x
EMarA.1.h CA 92025

Oumags Coomy amend C& C114) 54401
1230 L. Ssio omm Place Hadar. "or. pomsw x
SMS Am, CA 9270

Psoict Tnets Carp, (619) 23345U3
2190 min sows pocsse x x
Som Diqo, CA 92113

Papper Oil Coapmy. he. (619) 477-9336
2300 U01106nd Avam Proesse x x
Noamimd City. CA 92050

Seull acyci c-. (213) 95473
1335 U.M 291h Sumn Prowm r
Sips! HiIll CA 90606

Rhoi mmaels. hm. (318) =9-7979
3333 Wans Musm ROWd Hade. Nowe. poomuor x
ArNINSa. CA 91M4

Ri04mot C -eui (213) 776423
425 bia Avm Hadar. pom..., X
bOGlWsad CA 90301

Rank Choi. C41F (415) 324-1438
=I say Road Hader. pom... x
EMr NOb Abe. CA 94333
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Table 20 (Cont'd)

Compain md adirm Teiapbae Solvent Caustic wadeg U.sai t sd
and servie was"a 84l ON anltriaa batlties

RSR Qimmesco. Inc. (800) 527-9452 La"d acid
72D Sosak 7%h Avowe bauuy p-aSN. x
City of Indus"~. CA_91746

Safety Kim. Casporataim (800) 323-5740 Equipmnrit
777 Big Tirsbmt Rd lessing A service (ran, X
Elga IL W0120 Iociam throughout CA

Safe-Way Chemical (403) 292-9289
909 Suickzg. Avrm Equ pmi rning uid X x
Sons Jam CA 95110 service canapusy

SDI Coany (714) 9824553
P.O. Boz 835 SONua pus waime x
LUpland, CA 91735 muafugmer

Solvent Sami (406) 28014W6
1021 Darwyassa Road Hlaulnr. pa-an X
Smn Jose, CA 95113

Taks.A-LAA (714) 773-5155
2~W. Sums Aim Pam flush bomb X
Ania, CA 92M4 mnfatu

Tri Wa,..s A hamuial Clearing (619) 239.2024
1661 National Avenui Pfomoar XX
Smo Diego. CA 92113

Vam Warn acd RD"e (406) 43$4700
2256 Jmaaa Av Haider. .lw x
Sma Jos. CA 95131

Vas Wm and Rogers (213) 2654123
1363 S. Dauiy Bea PI H~ader. .45w x
Lma Auagalm CA 90063

73



Table 21

Equipment Leasing Costs*

Equipment Size Approximate cost
(November 1986 prices)

Solvent Sink
Includ. mmLNY leasing of solvent I I gal of solvent S8MO=
Sitth wish rasim-alon, PUMP. with 22-gal barrel
iodiy Mamamnaso serce,
amoval of IewM solven. OWd 10 gal of Solvent 533.75/nm
uophouna with ftes solvent, with 16-gal bamia

10 gal of solvent S36.75/nwn
wieh 16-gal bare!

Hot Tank
Include nmthy hut tank 60 gal 593/on

euV"c &Imva of 10 gal of
soluin wan shadge, wad
echg. at sohatia, wit comic

deugen an wown.

Jet Spray Washer
Includes mnly Jet "My wuhee 90 gal SM4Anon
basing. windil mansnene smi
removal of 10 gal of soltico Ad
sludge, and redeg wids cuae
dawegem ad wowr.

*Soums Need.., Wue Reducdon Aissnav Hoedook - Aummobtve Repaw SAWp. P 20.

74



Table 22

Parts Cleaning Equipment Purchase Costs*

Equipment Size Approximate cost
(November 1986 prices)

Solvents pans washer Small: fill/capacity = 11/22 gal $200 - 5300
or 10/16 gal

Large: fill/capacity = 15/30 gal $250 - $400
or 20/30 gal

Jet spray washer 45 gal $3.400
85 gal $3.800

100 gal $4.500

Hot tank 60 gal $300

*SowC: H d Ou Woes RedAIsox AwAPAW Handbook Auaotv# Rquav Shops, p 20.

Table 23

Ted Criteria for Used Cleaning Solvent (PD680-)

Rating Absorbence Specific Viscosity Conductivity
(500 rnm) Gravity cp (18C) nmho (23'C)(17"C)

0 < 0.6 < 0.773 < 1.35 < 22.5

1 0.6 - 0.8 0.773 - 0.779 1.35 - 1.85 > 22.5

2 0.8- 1.0 0.779 - 0.785 > 1.85

3 1.0- 1.2 > 0.785

4 > 1.2

75



Tabe 24

Solvent Recovery Equipmnent

Supplier Model Capacty Tomparatmr Approximate
unitscm

Acra Elocim Corp SD-IS Sal .. 5750
3601 N. 25th Avenue
Schiliat Park. IL 60176
(solvent TCE. 1.1.1.
TCLPCEAW.)

Artsan undustiues 5-1440 1.i $& S4.000 to $1.4
73 Pond Sma million
WadLthm MA 02154

Bato Bhakusless. Imc NRS-60 45.60 gali
2001 N. Janic. Avwnu HRS-60 45-60 gulA .

Mekoas Pink. IL 6016.0
(solvemw TCL 1.1.1-TCE.
PCE)

VINIVON Cleanig Eupm 5111W 9-I 1db -a

Co. S121W 21.31 LjlA-
Pinm Drdva. P.O. Don 7".
Sbus.. CT 06484
(solvew 1.1.1-TCB. Preen TF)

Cie" Uwsonic Cinporatim CR3-ION 10 gaml -
Sodt Road CRS.IOIJ 10 suIA -
Anor Cow"it Airpor CRS.20H 20 a"d -

Trenon. NJ 0628 CRS-201J 20 SinA
(solvens TCE. 1.1.1-TC!.
PC!)

DoI Canyoradon DI.DO-15 5sgalt -
5752 W. 79th Saw

-ninao ~INa462 -
uomme~ floorocubm)

Dose 01HIml1 hodwas. Inc. FC.6-EW 7-25 galb
P.O. a 501 FC4-ER 7.25 galA
Deed,. MI 4823
(aIVanu TCL. 1.1.1-TV!.
Front TP)
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Table 24 (Cont'd)

Supplier Model Capacity Temperature Approximate
limits cost

Finish Engineering Company LS-Jr. 3-5 gaL/8h <320 I S2.995
921 Greengarden Road LS-15 15 gal/Sh <.320 I $5.895
Erie, PA 16501 LS.SV IS gl/Rh <320 "F S9,390
(814)455-44"78, (415)821.4154
(Hazardous wut solvents)

Garden Machinery Corp. 450 50-60 galA/h - $4.950
700 N. Summit Avnue
Chalote., NC 28233
(Perolem solvents and oils)

Hoyt Corporation EPS 4-8 gal/h <330 IF S14.500
Wesqrt. MA 02790 EP20 <20 gal/h 330 "F S76.945
Hazardous waste solvents)

berl Corporation 7.5 gal/h - S8,950
P.O. Box 4676 15 ga"/h .- Sli.850
Englewood, CO 80155
(solvents: chlorinaed.
Peuleum)

Konte Scientific K-547100 0.8 gallons 51,961
Glassweraelitsumenw K.47700 2.5 gaulons - 52,723
Spruce Street. P.O. Box 729
VinAd. NJ 06360

O-USho Proc.. Systana. Inc. - 13.2 gallons -
1640 SW Blvd.. P.O. Box T - 26.4 gallons -
Vineland. NJ 06360

Phillips Mmufacming Co. 15-1 2-5 lAh -
7343 N. Clark Seet RS-3 4-10 galh -

Chicago. 1. 60626 RS.5 6.12 gal/h
RS.IS 13.28 gal/h -
RS-20 17-37 gwa/h -

Pfogressive Recovery. ine. SC-Jr. 1-2 gal/h <400 IF 4.795
P.O. Boa 521 SC.23 2-4 gai/h - $6,495
Tnarmbul. CT 06611
(solvent: MEK, toluem
ayles. TCE Frm, se.)

Recyclans Pmduct. Inc. R-2 5 gal/4h <375 IF S2.495
495 Eacl Ave. RS.20 5-7 gal/h (1) <375 I S ..000
South San Francino, CA 940 RS.35AF 64 gal/h (2) <375 I1 S.1.000
(415)589.9600 RX-35AF 12-16 ga/h (2) <375 F 525.850

Unique industies. Inc. 1100-10W 12 aJ/h -
11544 Sheldon Saeet 1100-10RW 12 ga/h - 55.270
Sun Valley. CA 91353 1100-IRA 12 galh .- $8.250
(solvea:m chlorinstI and S8,600
Nluarinaued)
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Aqueous Waste Volume Reduction Equipment Suppliers*

Supplier Model Capacity Approximate Cost

EMC Manufacturing EVAP-85E 85 gallons S 1.995
1433 Lidcombe Ave.
El Monte. CA 91733
(818) 575-1644

Nordale Fluid Eliminator FE-15O 1S0 gallons S 800 - $13.000
990 Xylite Ave.. N.E.
Minneapolis, MN 55434
(603) 668.7111
(714) 885-0691

Wastewater Treatment BM-S0 50 gallons SI1.4W - $18,000
Systems
440 N. Central Ave.
Campbell. CA 95008
(408) 374.3030

*Sowmg: Nazwde. Wante Reddaon Anspew H..iboo - Awute~ Repair ScA& p 22.
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6 WASTE MINIMIZATION FOR INDUSTRIAL MAINTENANCE, SMALL ARMS SHOPS

Most of the hazardous wastes generated from LMSS operations can be categorized as~corrosive
wastes (acids and alkalis), spent solvents, paint stripping wastes, and wastes containing toxic metals.
The operations that generate these wastes include: equipment and vehicle repair, metal cleaning, surface
preparation, and metal finishing. A summary of processes, wastes generated. and DOT classifications
are listed in Table 26. The minimization options for vehicle maintenance repair wastes are discussed
in Chapter 5.

Chlorinated or nonchiorinated solvents are commonly used to clean or degrease pans before
repair, rebuildizig, or finishing. Nonchlorinated solvents (e.g.. petroleum distillates) are normally used
in cold cleaning operations using solvent sinks or dip tanks. Chlorinated solvents such as TCE. 1.1,1-
trichloroethane. methylene chloride (M.). and perchoroethane (PC). are used in vapor degreasers.
where condensing solvent vapors remove the grease, oil. or wax from the dirty parts. 1.1.1-trichoro-
c htane is the safest of these four solvents and is the most commonly used. Of the several different
vapor degreasers commercially available, the open top vapor degreasers are the most common at Army
installations. In such a vapor degreaser, the heater coils at the bottom of a tank boil nonflammable
solvenL The solvent vapors that are denser than air. displace the air and foum a vapor zone. A
condensing coil at the top of the tank prevents the vapors from escaping from the open top. The ans
are lowered into the vapor zone and pure solvent ,apors cone-nse on them and sol.ilize the soil and
grease. The solvent drips off or evaporates as the pans are removed after they are cleaned. The soil
accumulates at the bottom of the tank. This contaminates the solvent which has to be changed
periodically. Also, because the solvent evaporate:, fresh solvent must be added frequently.

Cleaning with caustic compounds or detergents also occurs at IMSS operations. Cleaning is
usually followed by surface preparation such as painting or scale stripping. Sand. glass, or shot
blasting are common methods of removing paint or scale. In some cases, paint stripping is
accompUshed with solvent (MC) or caustic strippers.

Metal finishing operation& such as surface finishing of small arms, and metalworking, such as
cutting and threading are also common at IMSS. A small arus shop conducts weapons rebuilding
on many types of small arms. Chemicals such as chromic acid. phosphoric acid, etc.. are used.
Manganese phosphate coatings ame the most common surface finishing treatments used on small arms
components. The phosphate coating is dull black and provides wear resistance to the cast iron/steel
surfaces. The first step in the process is to clean the pans. The trethods include: vapor degreasing
or alkali cleaning, blasting with sand/walnut shells, self-emulsified solvent treaunent, ar.d phosphoric
acid-solvent-detergent cleaning. The pans are then rinsed in water and coated with phosphate. The
pans are rinsed in water immediately after the phosphate coating. The next step is to use a hot oil
conditioning rinse and then dry the coated and rinsed surfaces. Any supplem4.ntary coatings are then
applied. '2 The typical coating time is 15 to 40 minutes. The phospate immersion coating bath is
maintained between 200 and 210 IF. The phosphate tank and heating elements are usually made of
acid-resistant material Some of the equipment used in the immersion coating process include:
conveying equipment, If necessary; work-supporting equipment such as hooks, racks, baskets, and
tumbling barrels; tanks associated with water and heat (steam or electricity); a drain to the sewer line;

"A. Doury md EA Stackbowe, "Sudw Pfrowcon aid Finih i g Tmra sn • A. 14tmsphiw Co"ma Pmsmm." revised
by W. C. So ian n.Swroplaq Emqgrin HMeat. Fourh Edition. L J. Diumry. Ed. (Win Nosemd Reinhold Co,
19 4) pp 366-390.
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ventilation equipment; and drying equipment such as ovens, air heaters, fans, and compressors." The
operztor of the small arms shop must account for all materials used in the process. The potential for
severe environmental hazards exists in the operation of a small arms shop.

*The metalworking operations in IMSS use petroleum and synthetic oils and small quantities of
solvents in cleaning, cutting, and threading metallic pipes and other surfaces. Used oil and waste
solvents are commonly generated. Painting vehicles, equipment, and parts is also conducted by IMSS.
The minimization options for painting and surface c')adng ae discussed in Chapter 7.

Since Fort Meade does not conduct any vapor degreasing. only the following four categories of
processes are discussed in this chapter alkaline cleaning, dry media blasting. phosplhatizing. and
cutting and threading.

Treatment - Alkaline Cleaning

Cleaning metal substrates using alxaline cleaners generates a corrosive waste that must be
neutralized. In addition to neutralization, removing grease and heavy metals may also be necessary.
Bach treatment units arm commercially available. A precipitation/neutralization system can also be
designed for onsite use.

Source Reduction - Dry Media Blasting

Dry Wastes - Product Substitution - Plastc Media Blasting

Plastic media blasting (PMB) is a relatively new method to remove paint and nut from a variety
of metallic and alloy suhstrates such as aluminum, steel, titanium, copper, and zinc. It is a good
substitute for organic chemical stripping (using mixtures of MC and other toxic compounds) and
abrasive blasting with sand. glass beads, or agricultural media (walnut shells, rice hulls, corn cobs. etc.).

Agricultural media blasting has several drawbacks such as high explosion potential, poor paint/rust
removal, high contamination, low recycle rm', and generation of Imle quantities c' wastes.
Comparatively. sand and glass beads ,,m better for blast cleaning because of good performance and low
explosion potential, however they also have a very low 'ecycle rate. Some of the advantages of PMB
are: (1) it is aggnrssive and requires less operating time (compared to agicultural medi, only); (2) the
plastic maintains its size and hastiness; (3) the plastic does not bre4k up and thus can be recycled 10
to 20 times," resulting in lower replacement and disposal costs; an (4) overall, the method is
economically favorable.

PMB is slower than sand or glass bead blasting, however It products a better quality rEnish.
Also, the amount of waste produced in PMB is greatly reduced because most of the media can be
recycled many times. Assuming a labor rate of $15/h and a media recycle rue of 90 percent, the
costs of sand lasting aid PMB are $0.62 and $0.36/sq kt respectively.'

A. Domy id EA. Swdkftmw.
,J. " .,4d Dry PAW S& pie Utit6h* Pladc Med: A Now Saiiai to m Old P'oamL Tedi* Bulle ui (Clameo

k tv ,isa 1997).
C .. ai dw R.C. Wilmthk Te'micml. Emirm . and coemic Evr ,-im of P"m-- MediA Dlkariq fr, riw
S Ip i g. EPA/00D-I7/028 (U.S. Enviamu &d Protecton Agency (USEPAL Wa Figbmmmg| Reenarch Labofiwry.
1987); J.3. Mauw, as W. Ecomc Andysia of Hawdowa Wat Mihiiem m A/kewiva. Drft Technica Repon
(USACERL. I9M
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Suppliers of plast;c media including: Aerolyte Systems. 1657 Rollins Rd., Burlingame. CA 9,010.
(415) 570-6000; E.I, du Pont de Nemours & Co.. Inc.. Fabncated Produ ts pl.. Wilmington. DE
19898. (800) 441-7515: and U.S. Blast Cleaning Media, 328 Kennedy Drive, Putnam, CT 06260. The
price of plastic media (available on a GSA contract, 1988 prices) ranges from $1.75 to S2.50 per
pound.

Dry Wastes -Process Change. Plastic Media Blasting

Existing abrasive blasting machines can be replaced with more efficient plastic media blasting
machines. A number of companies manufacture PMB machines; however, design consultants must
be retained to design specifi. applications. Two types of PMB machines are available: cabinets and
open blast systems. Cabinet systems are very similar to the conventional abrasive blasting machines.
The most commonly used cabinet has an opening that measures about 5 ft by 4 ft. Small, open blast
systems are portable and self-contained.

Source Reduction - Phosphatizing

Wastewater - Better Operating Practices - Process Controls

Process controls, if implemented, not only minimize the quantities of wastes generated but also
optimize the phosphate coating process." A draining time of 5 to 15 seconds is recommended to allow
the solution to run off the pars suspended on hooks, racks, or in barrels. A transfer time of less than
30 seconds between emergence and reimmersion must be maintained to ayoid evaporation and drying.
up between stages. Hollow components require special handling to ensure that the solution completely
drains into the tank i, reduce drag-out losses. If tumbling barrels are used, a work depth over 6 in.
must be avoided ai-.i the turning speed must be maintained between 2 to 5 ft/min. A clearance of 6
to 12 in. must be a owed between the part and the phosphate tank bottom to prevent the part from
passing through the sludge that accumulates on the bottom. The immersion tank volume must be at
least 2.5 gal for every square foot of work to be coated. If the work load immreases beyond the design
capacity of the tank, a larger tank must be used. Optimal operation of the coating process increases
the production efficiency, reduces reject parts, and minimizes waste generation.

Wastcwater - Process Change - Reducing Water Use

If multiple rinse tanks are used, they must be configured in a countercurrent arrangement. The
rinsewater must flow (or be transferred) in a direction counter to the movement of the parts. This
process change will result in a tremendous reduction in quantities of rinsewater used. Adding spray
nozzles and other such equipment to rinse the coating solutions off the pans reduces the amount of
drag-out losses.

Emissions - Process Change - Proper Ventilation

Phosphate coating processes generate steam, acidic sprays, vapors, and small amounts of gases
(nitrogen oxides, hydrogen. etc.). Adequate air exchange must be provided in confined areas to reduce
worker discomfort. Efforts must be undertaken to minimize emission of toxic contaminants and fumes
into the work space or ambient air by using lids, condensing devices, etc. If the concentrations of
gaseous emissions are high, proper air pollution control devices (e.g., scrubbers) must be installed.

"A. Douty id E.A. Sockbow e.

81



Phosphate Sludge/Coating Solution - Process Change - Bath Loading

Bath loading is defined as the area (square feet) of work to be coated per hour per gallon of
solution.7 A lower bath loading requires less frequent analysis of the coating solution and less frequent
sludge removal. The minimum working volume for the phosphatizing process is 2.5 gal/sq ft.

All Wastes - Better Operating Practices - Proper MaintenancelControl

Proper maintenance of equipment used in the phosphatizing process is required for optimal
operation. Insoluble phosphate coatings accumulate on heating coils. Descaling of beating coils must
be done frequently. Accurate thermostatic controllers must be installed to reduce fluctuations in
solution temperature. These fluctuations destroy work quality and degrade the solutions, thus increasing
waste generation.

All Wastes - Product Substitution

Very low temperature phosphating systems. nonchromated sealing solutions, and solvent based
systems have been developed for use in the phosphatizing process.7' The equipment requirements are
similar. However, use of these new solutions reduces the quantities of wastes produced and results in
an economical use of fuel.

Treatment - Phospnatizing

Phosphate Sludge - Treament

The phosphatizing process generates a sludge consisting of precipitates. Depending on the
volume of sludge generated and its solids content, volume reduction techniques such as filtration (with
plate and frame press) or centrfugaion must be used. Although the sludge is not a listed hazardous
waste, it must be tested for hazardous characteristics (heavy metal contem, toxicity, etc.) and disposed
of properly.

Source Reduction - Cutting and Threading

CoolinglCutting Oils - Better Operating Practices - Material Conservation

The application of coolingtcutting oils in metalworking must be limited to the ar-, that has to
be cooled without using it in excess. Efficient applicators or directional delivery sy , if used,
can reduce the amount of coolant delivered to a surface. This efficient use extends the life of oils
and minimizes the amount of oil purchased and wastes generated.

Coollng/Cutting Oils - Better Operating Practices - Proper Concentraton Maintenance

The coolant performance depends on maintaining the proper coolant to water ratio. Accurate
measurements of the concentrations can be obtained by using refractometers. Also, coolant propor.
tioning devices are available to ensure accurate mixing. Specific informaton on coolant maintenance
must be obtained from the manufacturer, the recommendations must be followed.

"A. Douty amd BA. Socckbowar.
14A. Douty and ELA. Sockbowr.
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CoolinglCutting Oils - Better Operating Practices - Proper Storage

Water soluble oils can be stored easily. Proper storage avoids deterioration by biodegradation.
The manufacturer's storage recommendations must be followed.

Cooling/Cutting Oils - Better Operating Practices - Operator Handling/Segregation

The operators of metalworking equipment must be cautioned about minimal use of coolant.
They should also be trained about the hazards of mixing oils and chloinated/nonchlorinated solvents
and the associated disposal problems.

Cooling/Cutting Oils- Better Operating Practices - Chemical Purchase

When purchasing oils, screen them for undesirable hazardous components. If such Liformation
is not available in the manufacturers' Material Safety Data Sheets (MSDSs), testing may be required.

CoolinglCutrng Oils - Better Operating Practices - Metal Chips Removal

Metal chips that accumulate in a coolant must be removed frequently. They interfere with the
machine's performance and serve as a site for bacterial growth. Filter screens, when placed at the
entrance to the sump and at the exit from the holding trays, can prevent chips from entering the sump.
The chips can then be vacuumed from the screens.

Cooling/Cutting Oils. Product Substitution

Several different brands, of water soluble oils are available. Some of them contain small amounts
of hazardous materials such as cresol (< 1 percent). Only those oils that do not contain hazardous
materials can be purchased.

Cooling/Cutting Oils - Process Change. Equipment Modifications

Worn equipment must be repaired or replaced to optimize performance and minimize waste
generation (e.g.. leaks). Older models should be replaced with automated equipment.

Adding skimmers (belts or disks) to remove "tramp" petroleum oil from the cooling/cutting oils
can minimize the quantities of mixed wastes produced. These skimmers must be placed near the sump
containing the coolant. Timers are also available to control equipment operation and to ensure that the
quantities of coolant removed with the oil ae minimal."9

CoolinglCutting Oils - Process Change. Process Controls

The loss of cooling/cutting oils during metalworking operations must be minimized. Adding
splash guards or drip trays allows the excess oils to be collected and possibly recycled/reused. Splash
guards and drip trays can also be used to contain spills in the machining areas, thus reducing the use
of adsorbent material (e.g., DRY-SWEEP) and wastes generated.

Proaoninr Machine Coolat lf. Fact Shet (Miuumota Twhnical Assistance Popgam. Mimasqofis. MN. 1938).
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Cooling/Cutting Oils - Process Change. Control Bacterial Growth

Bactenal growth in coolants can be controlled by: cleaning the sump whenever the coolant is
replaced, usiiig biocides, adjusting the pH. and adequately circulating the coolant.m The sump must
be cleaned with steam or chemicals. In some cases, its design may have to be modified to provide
sufficient access for cleaning tools.

When using biocides to control bacterial growth, it ;s important to realize the "ultimate" treatment
or fate of the coolant. Bacterial test kits must be used to determine the exact amount of biocide to
be added. The use of biocides can be minimized by proper pH control. Bacterial growth decreases
the pH of the coolant. Measuring the pH (with a pH meter or litmus paper) and adjusting it (with
caustic soda) to the manufacturer's recommended level can control bacterial growth. It is also
necessary to maintain proper circulation of the coolant to ensure an oxygen enriched environment in
the sump. A mixer or an agitator can be used for this.

Treatment - Cutting and Threading

CoolinglCutdng Oils. Onsite Treatment

Fine particles in oils, such as metal cuttings, can be removed in a pretreatment step by using a
centrifuge. Batch centrifuges are available for small metalworking equipment. Large continuous
centrifuges are available for removing particles from oils generated continuously in large volumes.

Mobile treatment services are provided by some companies to generators that produce large
quantities of water soluble oils Th cost for such i, service depends on the volume of oil and the
concentration of contaminants.

Another physical treatment technique is ultrafiltration to remove fine particles. About 90 percent
of the water fraction can be extracted and discharged directly to the sewer system." The oil recovered
is high quality and can be recycled.

Epsom salts (magnesium sulfate) can be used to reduce volume by precipitation and separation
before disposal. However, this method is less efficient than other volume reduction techniques
available.

To reuse water sc~uble oils, it is necessary to treat them by pasteurization followed by filtration.
The biological contamination accumulated during use can thus be removed. The 'end ratio of recycled
oil to new oil is determined before use with a refractometer.

CoolingiCuning Oils - Offsite Treatment

Several offsite treatment and recovery techniques are available for cutting/cooling oils, including
ultrafiltration, evaporation, and thermal destruction by incineration. The choice of a method depends
on the volume of wastes and their physical/chemical state.

Proloqigt Maclipma Cooan W4e.

Fred C. Hat Auociam. Aeropaca Www MitnatioMn Rqeort (Califomia Depment of Heath Service. 1937).
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7 WASTE MINIMIZATION FOR PAiNT SHOPS

Paints are applied to metal or other surfaces (e.g., wood) I'or wde-proofing, flamcproofing.
rustproofing, insulating, etc. There are three differen: categories of paints: architectural, original
equipment manufacture (OEM), and special purpose. Architectural paints are used on buildings.
OEM paints are used in industries that manufacture automobiles, appliances, and furniture. Special
purpose paints such as chemical agent resistant coating are used in maintenance operations in some
industries, the armed services, and highways' maintenance. Forty-four percent of the special purpose
coatings are used on automobiles, 18 percent in industrial maintenance, and the remaining distributed
between aerosols, traffic paints, and other categories."

The painting process involves: paint stripping and surface preparation, application of the paint,
and curing. Paint stripping (using wet or dry techniques) and surface preparation are necessary to
clean the substrate and prepare it for adhesion of the paint. Paint is then applied to the surface. The
method used depends on the size, shape, complexity, and number of items. After painting, the items
are placed in a curing oven to remove excess solvent and make the coating uniform. Some of te
common painting techniques are: dip painting, flow painting, roll painting, curtain painting, spray
painting, and bulk painting. Spray painting is the most commonly used technique and can be manual
or automatic. Spray painting techniques (including conventional pressure/air atomized, and electrostatic
centrifugal/air atomized) have transfer efficiencies that range from 30 to 95 percent. The overspray
from the paint application process can be as high as 50 to 70 percent, and is in most cases collected
and disposed of. The method of painting may sometimes be dictated by the type of paint formulation
(e.g., water-based enamels cannot be sprayed).

Most paint formulations use solvents as carriers for binders such as pigments, powders, and
adhesives. The solvent content can vary from I to 85 percent. Typical solvents include: acetone,
n-butanol, o-dichlombenzene, diethyl ether, ethyl acetate, butanol, MEK, methyl isobutyl ketone. MC,
1,1,1-trichloroethane, trichlomfluom-methane, tetrahydrofuran, cyclohexanone, and ptroleum derivatives
such as naptha. xylene, toluene, or hexane. Powder or water-based paints do not contain solvents.
Solvent-based paints (e.g., acrylic lacquers) have the advantage of durability, fast drying time, low
corrosivity to substrate, and high gloss finish." Some of the disadvantages include: emission control
problems; worker exposure hazards; fire hazards; and waste management. disposal, and liability
problems. The criteria used in choosing a solvent depends on the type of paint required, drying speed,
the nature of the substrate, and the properties of the solvent.

In addition to the wastes from the painting process. a large quantity of solvent wastes are
generated during equipment cleaning. Table 27 describes the wastes generated trom the painting
process and lists the corresponding DOT classifications.

Source Reductiom

Soivent-Based Pants - Product Subsutiwon - Powder Coatngs

Powder coating Is an effective alterinative to solvent-based paints. In a powder coating process,
the paint powder is applied to a substrate with an electrostatic spray gun. The carer is pressurized
air. rather than solvents. The powder coating adheres to the surface because of electrostatic forces.
Excess powder that does not cling to the surface can be recycled. Heating in the curing oven ensures

"k.; Aiim hnv.P.L Laymuan "Pdam md Coaalp: ihm Obbel ChaUwl*p* Chari4 aid Eqimmiog Nt '%pInbw 30. 198) pp 27-61.
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that the powder fuses to the surface. Powder coatings can also he applied using a fluidized bed
process where the heated objects are immersed in the fluidized bed.

Se..aisc powder coatings contain no solvents, emissions of volatile organic compounds and the
related air pollution problems are eliminated. Fire hazard and insurance rates are reduced and better
neighborhood relations develop as the odor associated with solvent-based application are eliminated.
Preliminary toxicological studies indicate that many of the commercial powder formulations are
nontoxic. Since the overspray powder can be recycled, material use is high and solid waste ge'nra.
tion is minimal. Waste disposal and liability problems are reduced. The process also has a high
transfer efficiency, resulting in a lower reject ratio of parts. Coating q'j ,lity is claimed to be better
than with solvent-based coating. The messy cleanup operations -" ,.id-""- with liquid-based paints are
avoided. Powder coating is easier to apply and it - . r -1 pe !,ople to use it. The operators'
attitudes improve. The operation is less lat-e"  -.sive. Maintenance is easier and the overall
operating costs are lower. Powder costs are minimally affected by petroleum prices and the operation
is more flexible to changing coating requirements.

However, powder application equipment is more expensive to install than solvent t'ased or high
solids coating equipment. Anotber disadvantage is that powder coating must be done at elevated
temperatures. It is not usable on heat sensitive substrates such as plastics, wood, ari assemblies
containing nonmetal pans. Formulations with lower cure temperatures (275 T) are bein,. 'eveloped.s

Solvent-Based Paints - Product Substitution - Water-Based Formulations

Water-based formulations reduce the amount of solvents used and emitted in the coating process.
Solvent-based paint equipment can easily be modified to apply water-based paints/coatings. The paint
overspray can easily be collected with water in the spray booth and recycled. Though this can also
be done in a solvent-based process, a difficult-to-treat aqueous waste stream may result due to direct
contact with the solvent. Disposal and liability issues associated with wastes from the solvent-based
formulation amc reduced and the fire and explosion hazards present with the solvent-based process are
eliminated. Concerns about worker exposure to solvents are also eliminated. Energy savings can be
achieved by recirculating hot air in the ovens used to cure the paint. Similar recirculat~on is not
possible in a solvent-based operation as the solvent levels in the recirculated air may reach explosive
levels. The installed capital cost of water-based units is lower than that for high solids or powder
coating."S

A number of private companies and a naval installation (Naval Air Rework Facility, Pensacola.
Florida) have successfully converted from solvent-based painting to a water-based painting operation."
Based on their experience, the annual cost to coat using water-based coating was higher compared to
conventional solvent, high solids, or powder coating. The applied coating cost per square foot for a
water-based unit is also higher and the coating may be inferior. The quality of water-based coatings
varies with ambient conditions such ts room temperature and humidity. The drying time is longer and
could be a bottleneck in the producton line. It may necessitate installating a drying unit. Surface
treatment procedures may need extensive modification to convert to a water-based coating method.0

One company that unsucessfully tried to convert to water-based painting reported that the
increased drying time led to production sceMuling pmoblems. The new system took several hours for
drying, compared to the 30 minutes required for the solvent based process. It required an increased
amount of surface cleaning before the water-based coating could be applied. The time and cost

* ICF As"sm,. Inc
ICF Asaci, Inc.

* IC'F Aaciams. Inc.
ICF Auacauu Int.
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involved in the extra cleaning were prohibitive. The water coating did not have the same hardness.
durability, or gloss and the quality of the water-based paint varied with room temperature and humidity.
The company also reported that the water environment was corrosive to gavanizcd steel. The existing
equipment made of galvanized stecl needed to be replaced with stainless steel, which involved
considerable expense."

Solvent-Based Paints - Product Substitution - Two-Compon" . Camtlyzed Coatings

Two-component catalyzed coatings are comprised of isocyanates (highly toxic compounds) and
hydroxyl compounds. These compounds po' ierize on a surface to form a polyurehne coating.
Their use has been extensively investig-, vy the automobile industry.3 Substituting two-component
catalyzed coatings for solvent-bas- .irmulations is not justified because of the toxicity of the

Solvent-Based Paints. oduct Substitution - Radiation-Curable Coatings

Radiation-curable coatings do not contain solvents and therefore could be good substitutes. A
liquid prepolymer is allowed to react with a thinner under ultraviolet light to form a coating. These
coatings have been found to be effective on a number of surfaces."

Paint Wastes - Better Operating Practices - Segregation

The current pra. tice for disposing of residual paint left in cans is to pour it into drums containing
thinner wastes. Howi ver. segregating paints from thinner wastes maintains the punty of the thinner
and improves its recyclability. Thinners can be recycled onsite or offsite and reused in painting and
cleaning processes.

Excess paints should be given to customers for touchup use, thus reducing the improper disposal
of cans containing liquid paint with other nonhazardous wastes. (Cans containing dried paint residuc
can be thrown ouL)

Solvent Wasts - Better Operating Practices Adopt Good Manual Spraying Techniques

When manual spraying practices ame used, the amount of waste produced can be reduced by:
using a 50 percent overlap in the spray pattern, maintaining a 6- to 8-in. distance between the spray
gun and the surface, maintaining a gun speed of 250 ftmin, holding die gun perpendicular to the
surface, and triggering at the beginning and end of each pass.* In addition to reducing the am-unt
of waste produced, an increase in the production rate and a decrease in rejection rate can be realized

Solvent Wastes - Better Operating Practices - Avoid Adding Excess Thiner

The tendency to use excess thinners should be avoided. If the paint is difficult to apply, adding
thinner may make it easy. However, adding excess thinner affects the film thickness, density. and
durability."

"ICF A ociam Inc.
M.I. Cuqibsl ad W.M. Olan. Profitrtom Poltwin Prowrin - A G" ide to lmi.idu Wae Redtiu &%d Recyclni
(rho Polution Probe Fomdafim. Toonw, Cmud. 1932)
M. Campbeul ad W.M. Gles.
J. Kohl. P. Mos, a S. Tpl Mouwiq and Rc,ding Sdove: Nontk Camoine Pmrkes. Faciiiae. mi' Rqldwio

(NMan Carolna Sam Univesky. RWakiS. NC. 1964
U .. Darmy, "How to Imwove Your Pit Srippsms" Prodc FIWskni (1962)X pp 52-53.
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Solvent Wastes - Better Operating Practices - Avoid Excessive Air Pressures for Atomization

Using excessive air pressure to atomize paint particles leads to increased emissions and overspray.
and must be avoided. By adjusting the air pressure, a 30 percent decrease in overspray and therefore
a savings in raw material costs could be realized."

Solvent Wastes - Better Operating Practices - Maintain Equipment Properly

Proper equipment maintenance is critical to reducing the number of reject products and improving
productivity." Proper maintenance also reduces the quantity of waste produced from paint stripping
and repainting operations.

Solvent Wastes - Better Operating Practices - Lay Out Equipment Properly

Proper layout of equipment in a work area can also reduce emissions and improve the quality
of the finished products. Solvent tanks must be kept away from heat sources such as curing ovens.
This will help minimize evaporation of the solvents and will also prevent the solvent vapors from
entering the curing oven and affecting the curing rate or decreasing the quality of the finish."

Solvent Wastes - Better Operating Practices - Isolate Solvent-Based Spray Units From Water-Basd
Spray Units

Isolation of solvent-based spray units from water-based spray units is a good segregation practice.
The oversprays from these operations should not be allowed to mix; the mixture could be classified
as a hazardous waste. If the units are segregated. the filters from the water-based paint spray booths
are not classified as hazardous waste.

Solvent Wastes - Better Operating Practices - Close Floor Drains in Production Area

Closing the floor drains will reduce the amount of water used to clean up spills. This practice
promotes the use of rags that must be dr'cleaned. Thus the generation of large quantities of rinse
water containing solvents can be minimized."

Solvent Wastes - Better Operating Practices - Purchase Proper Quantities of Paints

Buying paint in large containers is preferable to buying the same quantity in smaller containers.
The amount of residual materials can thus be reduced. Large containers can be returned to manufac-
tuners for cleaning and reuse. Ordering extra paint for any given job should also be avoided. The
exact amount of paint required must be calculated to reduce the number of small cans containing
residues for disposal.

Solvent Wastes - Better Operating Practices - Segregate Wastes

Segregating wastes is extremely impotant to reducing the amount of hazardous wastes generated
and to improve the recyclability of solvents. If many solvents are used. they should be segregated.
Some solvents can be directly mused in equipment cleaning operations.

ICF Awimim. Ins.
U ICF AxsoaaW, int.
"ICF Aut in. nLI. Dumry.

89



Proper labels must be attached to containers. Hazardous wastes must be segregated from
nonhazardous wastes and handled and disposed of properly. Labeling a container containing non-
hazardous waste as "hazardous" can result in an unnecessary increase in disposal costs.

Solvent Wastes - Better Operating Practces - Standardize Solvent Use

Standardizing solvent use will reduce the numbers of different types of thinners and solvents
used in coating formulations. If fewer solvents are stocked, the possibility of mixing of the wastes
is reduced. Only one type of thinner or solvent curresponding to each type of paint should be put.
chased.

Solvent Wastes . Product Substitution - Use High-Solids Formulations

High-solids formulations contain a reduced quantity of solvent Using high-solids formulations
will therefore reduce the amounts of wastes and emissions generated from the painting operations.

Solvent Wastes - Process Change - Choose Proper Coating Equipment

The proper choice of coating equipment can reduce the quantity of wastes produced and result
in raw material savings. Overspray from painting operations generates the most waste. Equipment
with high transfer efficiencies must be chosen.

Solvent Wastes - Process Change - Replace Conventional Spray Units With Electrostatic Units

Electrostatic units (either centrifugally, or air-atomized spray) have high transfer efficiencies.
Converting from conventional equipment to electrostatic equipment may lead to a 40 percent reduction
in overspray and considerable savings." The ovespray collects on the spray booth walls that are
electrically grounded. Thus, the amount of residues in the rest of the work area is reduced. However,
the complete conversion requires a lot of time and work in testing visiting other plants, engineering.
and maintenance.

Solvent Wastes - Process Change - Replace Air.Spray Guns With Pressure Atomized Spray Guns

Replacing air-spray guns with air-less spray guns increases the transfer efficiencies. A 23 percent
reduction in raw material costs has been reported." Also, the claning frequency is increased from
once every 3 weeks to once a week.

Aqueous Wastes . Process Change - Dry Paint Booths

Large volumes of wastewater are generated from "water cutin" paint booths. The water curtain
is used to remove the paint overspray particulates from the exhaust system. A significant concentration
of paint, solvents, and flocculating/coagulating agents accumulates in the wastewater. This wastewater
must be treated to remove hsbzardous contaminanm and the sludge must be disposed ot as a hazardous
wase.

Cciverting from a wet to a dry paint booth eliminates the problem of wastewater generation.
In a dry booth, the contaminated air (laden with paint particles) is drawn through fibrous filters which
must then be disposed of as hazardous waste. A much smaller volume of waste is generated. Results

"Li. DWy.
'J. KAL P. kwm, md B. Triple.

90



!

of a Navy study" ° indicate that convcrting to dry operation is technically feasible and cost effective
(payback 8 months to 2 years) for small, medium, and large painting facilities.

Recycling Onsite/Offsite

Paint Wastes - Onsite Recycling - Recycle Paint Overspray'Sludge

In water curtain spray booths, the overspray impinges on a water curtain. The paint/water
mixture is then pumped to a separator. If the paints used are immiscible in water. they can be
separated out and recycled. Also, the water can be recycled back into the water curtain. Recy cling
of the water and paint reduces the amount of wastes produced and results in a savings in raw materials
costs.

Solvent Wastes - Onsite Recycling - Ultrafiltration. Distillation, or Evaporation

In ultrafiltration, the sludge containing solvents is filtered using membranes with pore sizes of
0.01 microns. Paint particles, usually larger than 1 micron. collect on the membranes and are removed
continuously. A series of membranes filter the waste to produce a pure solvent that can be recycled." '

Distillation stills can be used to recover solvents. The solvent is indirectly heated and the vapors
are condensed and collected. Purities of 90 to 99 percent can be obtained by this process. Table 24
lists manufacturers of distillation :tills and associated costs. The concentrated still bottoms containing
paint sludge must be shipped for proper disposal as a hazardous waste. Another possibility is to ship
the still bottoms to a cement kiln for use as a sup.lemental fuel through a waste exchange program.

Evaporation. using drum-dryers or thin-film evaporators, is effective on solvents that are iieat-
sensitive. Large scale equipment is necessary for evaporation and, therefore, is cost effective only
for large quantities of solvents. Many commercial solvent recyclers use agitated thin-film evaporators.

Solvent Wastes - Offsite Recycling - Closed-Loop Contract

Wastes consisting primarily of thinners, paint sludge, and paint can be reclaimed at an offsite
facility. This closed-loop service is provided by many paint and thinner suppliers. Usually the pur-
chase price includes delivery, waste hauling, recycling, and 1isposal, Such a service removes the
wastes when it delivers the new product. The waste is processed at a licensed treatment, storage, and
disposal (TSD) facility. Processes used for recycling thinners are well-established and widely used.1 O
Commerical recyclers have the versatility and have developed technologies for recycling large varieties
of waste solvents. Between 70 and 80 percent of spent thinners can be recycled into a useful product.

Treatment

Solvent Waste - Onsite Pretreatment - Gravity Separation

Gravity separation is a relatively inexpensive option that is easy to implement. In this treatment
process, the thinner and paint sludge mixture is allowed to separate by the force of gravity without

"'Acuei Corpmation. Na'qv PaiM Booth Conversn FueuabdaiySuly, CR 89004 (Prepaed for the Naval Civil Engineenng
Laboratory (NCELI. Port Hueme. CA. 1989).

'Y. Isooka. Y. Imemura, and Y. Sakamaoo, Recovery and Reuse of Organic Solvent Soluuons," Metal FoushAug (June
1914) pp 113-1ll: W.H. Resy. 'Solvent Riocovery in the Paint Indust'y." Paints & Resin (March/April 1982). pp 41-44.
SCS Engineers. Inc.. Waste A-.i Stdy • Ahomwive Paint Shops (California Department of Health Servics. January 1987)
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external disturbance or agitation. The heavier paint sludge particles settle to the bottom of the con-
tainer and the supernatant can be decanted off. The de. anted thinner can be used as a "wash thinner"
for cleaning equipment or for thinning primer and base coatings."

PaMnrSolvent/Aqueous Wastes - Offsite Treannr

Although most waste associated with paint can be treated using a number of different physical.
chemical, and biological techniques. these techniques ame not feasible for most Army installations that
generate small quantitics. However, licensed TSD facilities can use a number of processes such as
activated carbon adsorption. chemical oxidation, solvent extraction, solid/liquid separation. stabili-
zation/solidification, thermal destruction. volume reduction. and biological treatment. The applicability
of each technique wil; not be discussed here.

Table 27

Waste Classification for Paint Removal, Pairting, and Brush Cleaning

Waste Description

Materials we&sd NW DOT Hazard 'Number
wowe produced Code shipping maine clas

Acetone F003 Waste scocons Flammable liquid UN 1090
Alcohol$ DOMI Waste alcohol. NOS Flammable liquid UN1987
Caustic paint stnpper D002 Womt Paint Misted material Corrosive Muterial NA1760
Chlorobenimes P002 Waste chk'mobeizns Flammable liquid UN 1134
Eznanel liquids DOOI Waste enamnel Combustible liquid UF 1263
Ethylene dichloride Waste ethylene dichioeiA4 Flammable liquid UJN 114
MEK FOS Waste mcaehylediylketone Flammable liquid UN 1193
Methylene chloride stripper P002 Wait r ethylene chloride ORLM.A UN 1593
Mineral spito DOE' Waets napaha Flammable liquid UN2553
Paint drye None Wast pint fryer. Liquid Combustible liquid UN 1163
Paint Liquids DOOI Wute pan Flammable liquid UN1263
Paint sofids (toxic) Varies Hardous wars (solid). NOS ORtM.E (it solid) UN9199
Paint thinniers, lacquers DOOI Was.s -paist ed material Flammnable liquid NA 1263
Paint wowe with weavy Varies Hazardous waste Liquid. NOS OKM-E NA9189

metals Hazardous waste solid. NOS ORM-E NA9199
Petroleum diatillate DOOI Waste Petroleumn disnulate Flammable liquid UN1269
Tolusurj (Toluol) P005 Was tlenue Flammable liquid UN1294
VM&P naphttha 13001 Compound, paint runowing liquid Flammable liquid NA? 1147
Xylene (Xylol) POW3 Wast Xyleme Flammable liquid 04 1307

-SCS Engineers. tuw.
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8 WASTE SUNINUZATION FOR HOSPITALS, CLINICS, AND LABORATORIES

Armv hospitals. veterinary clinics. dental clinics, and othier Isooratones are usually tenants located
on an installation. Tbe types of wastes genrated by these acivaes can be divided into infectious 1
wastes 4w). pathological wastes IMW. sharps. phazmaceutical wastes (PhW), radioactive wastes (RW).
laboratory wastes iL%). chemotherapy wastes iCW). infectious linen 11L). and general wastes (GW).
Only the LW and CW ame hazardous wastes by the RCRA and H-SWA definition.

For this discussion, somne of the definitions for hospiU wastes are extracted from Army
Regulation (AR) 40-S:,* Detailed definitions and classifications of infectious wastes can be obtained
from USEPA's Guide to Infecitows Waste Management.

1W is from patients in strict or respiratory isolation. or with wound and skin precautions; wastes
from microbiological laboratores. anid surgical waste (at the discretion of the operating room super-
visor). PW includes anaomical parts. excluitng humnan corpses and animal caicasses. Sharps include
discarded hypodermic needles. syisnges. pipettes. broken glass. and scalpel blades that pose infection
and physical injury hazards through cuts or puncture wounds. GW is all the waste not classified as
infectious, pathological. or hazardous, for example: imfise generated from general patient units.
emergency rooms, denia areas. surgical suites. administrative areas, and supply areas. PhW consists
primarily of outdated mediciies (drugs. vaccines, and physiological solutions). RW wastes emit
ionizing radiation (such as alpha. beCQ. gamma, o;, X-rays).

The activities thet generate most of the highly infectinus wastes aret general surgery/recovery.
vascular surgery, plastic surgery, pathology, blood bank, microbiology laboratory. ')>or and delivery
rooms. obstetrics, emergency room isolation. avd the morgue. Among the wastes generati.J arm: (1)
significant laboratory waste, including all tissue or blood elements, excteta. and secreLions taincd
from patients or laboratory animals an disposable fomites (items that may harbor or transm: patio-
gentic organisms); (2) surgical specimens and attendant disposable fomnites; (3) disposable materiait .rom
outpatient areas and emergency departments; (4) equipment. instnuments, utensils, and fomites of a
disposable nature fom isolation roorns; (5) animal feces, animal b.4ding. supplies, and fornites resulting
from and/or exposed to infectious animal cam and laboratory procedures; and (61 all disposablc needles
and syringes.'"

Radioactive wastes am usu~ally generated by the radiolo~gy ward, nuclear medicine, clinical
pathology, and laboratofies that use radionuclidts. Some of the radionuclides administered to patients
during trament include: 0,60echnetium "Chromium, "Phosphorus, and "'Iodine.'" Most of the
radioactive wastes that require special handling and~ disposal are generated by the use of radionuclides
such as "Carbon. 'Hydrogen. and "'Iodine, in clinical laboratories.

A number Gf different types of hazardous waizes ame generated in HCL. although in str ill
quiantities. Table 28 lists processs andl operations tnat generate wastes, and the corresponding DOT
classifications. LW is mostly ctnmical wass includiolt ignitable/choninated solve=t amd miscel-
laneous used chemicals (e.g.. x)1ene, formalin. rnnicury. etc.) generated in analytical and clinical
'aboratories. These wastes may als be :generated in maintenance, pharmacy, and iwm'ing areas.
Photographic films and chemicals am used in radiology. Other toxics and corrosives ame uscd
throughout the hospitals.

Army Rogulion (AR) 40-5. Pr~tvv Mdkiae (HQDA. 30 Aug at 1916.
SGodit to Ii.$ctwiu Nam Mamt. EPAJ3-SW86014 (USEPA, %Waahiiam D.C.. 186).
D. Kiay'AIL T. M-lle, aid B.A. Danauar. .'awdoa, Waste Swrvy Y Two Amy' awAMawo ad Army Haspuaa.
TftlJv-kl Repon N-9O0ADAOCE' 60 (USAC:RI Augus 1930). pp46
D. riytoiU. T. Mullir. wM B.A. Doa.
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CW is a large quantity KW generated by the use of antineoplastic, or cr'3boxic a~cnts in
chemotherapy sulut~ons adriiinistermd to patients. The chemicals themselves arc only -i siall volume
of the wi-te; most of it cot' ;sts of protective clothing and gauze pads that ame Ugh!!% contaminated.

Most of the guidance on~ proper management and minimization of wastes discussed in -,s chapter
has been obtained from Protocol Health Care Facility Waste Management Surveys."~ a:: 1 Waste Audit
Study - General Medical and Surgical Hospitals. ~ The minimization of photographic wastes is
discussed in Chapter 9.

Regulations

On October 21. 1988. the U.S. Congress passed the Medical Waste Sanctions Act (MWSA)
which requires strict control on generation and disposal of medical wastes. and prohibits anyone from
dumping the wastes '.n oceans and large water bodies (such as the Great L.akes)."1  MWSA was
initiated as an amendment to the original Marine Protection. Research and Sanctuaries Act (MPRSA)
of 1972. MPRSA and MWSA define "medical waste" to include "isolation wastes; infectious agents:
human blood and blood products; pathological wastes; sharps; body parts. contaminated bedding;
surgical wastes and powcna..ly contaminated laboratory wastes: dialysis wastes, and other equipment
and material that the Administrator of the USEPA determines may pose a risk to public health. welfare.
or thc. marine or Great Lakes environment." Of the 160 million tons of waste~ generated in the United
States each year. 3.2 mi~ion tons of them are medical wastes from hospitas."' These inedical wastes
do not include refuse from doctors' offices. laboratories. home health care, veterinary clinics. and blood
banks. Of the 3.2 million tons of medical wastes. IJSEPA estimates' that 10 to 15 pcent are
infectious.

MWSA was passed because medical wastes could be regulated under the RCRA and HSWA
but are not under the USEPA rules. MWSA requires USEPA to develop rules and regulations for a
cradle-to-grave manifms system to track the medical wastes from generation to dispozal. and for record-
iceeping. reortng. and proper segregation (from ordinary nm.use) and disposal requirements. The States
have been given the authorihy to enforce MSWA mome xtringently than the USEPA requimements.
The-efore, States such As Delaware. Louisiana, Maryland. Minnesota. New York. Prnd Pennsylvania, have
passed stricter laws for tracking and disposing of medical wastes.

In the private sector, research and testing lrtessuch as those located in Army hospitals
and associated research facilities would be regulated as small quantity generators of hazardous labora-
toiy waste. All t rules of RCRA and HSWA would apply andl crad!--to-grave managentent and
development of minimization strategies would be necessary.

Source Reduction -All Wastes

IWIPW/GWISharps- Better Operating Pracsices -Sogregation

1W and PW must be segregatwd from OW and sharps. r3W such as surgical glove wru~xer
should not be placed in 1W containers (e.g.. red bags in rigid containers). Tharps must be placed mn

Pro#&-ooi Ngsat C4we Frit Ww ait tweW Swwys (I JSAEHA. 1907).
FkEolopy mW Envvim wt. Inc.. Waive Audi# Staid7- Ce~vwd AMCtId fSaacal HoytwJ., (CaiAocnia Departmatu of
H*aWdi Suwkc Sacaumia. CA. 1988).
Afedkad Was& Swvnowt Ad of IM8. Repast 100.1102 (House of kerrimitvu, 100th Cous.. OCaOWu 1988)
"cied Weie.,ai.thw Ad of 1IOU.
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separate containers (e.g., rigid plastic boxes) in every room where they are use'. Separate cortainers
(e.g.. yellow or white bags) must be used for general wastes including paper and trash.

Source Reduction - Infectious and Patho;ogical Wastes

IW/PW. Better Operating Practices - SegregatoniLabeling

All the containers must be rigid and must be lined with impervious. tear resistant, and
distinctively colorcd bags (e.g., red bags for infectious wastes only). The same type and color bags
must be used at all waste generation points and marked/ilabeled with the universal biohazard symbol.
Standardized procedures (labeling, color. etc.) reduce confusion among personnel and improve waste
management. thus. minimizing quantities of wastes generated.

IWIPW - Better Operatng Proctices - CollectionlTransportation

Sufficient numbers of IW/PW containers must be provided and conveniently located in all rooms
where the wastes am generateu. They should also be located in such a way as to minimize
patients/personnel exposure to the wastes. The containers must be cleaned and disinfected every time
they are emptied. All the containers should have tight-fitting lids and the lids should be in place when
the containers am not in use. To minimize exposure for patients and staff, IW/PW must be collected
frequently from all the generation points by trained personnel only. The transport containers must have
tight-fitting lids and should be used exclusively for IW/PW. The interior of the transport containers
must be cleaned and disinfected regularly.

IWIPW - Better Operating Practices Storage

All IW/PW storage areas (including access doors, containers, freezers, refrigerators, etc.) must
be labeled and marked with the universal biohazard symbol.

Treatment - Infectious and Pathological Wastes

IWIPW.' TreatmentBener Operating Practices - Incineration

Incineration is one of the options used to tre infectious wastes. The manufacturer's operating
insmctions and standard operating procedures must be posted on the Incinerator. A State or local air
quality permit must be obtained and the incinerator must be operated in compliance by following the
manufacturer's recommended tempe ature to reduce emissions and opacity problems.

The incinerao ash could be a hazardous waste. It should be tested annually for hazardous
charcwtsdscs. Testing of incinerutor ash at Army installations" has revealed that it is Extraction
Procedure (EP) toxic for heavy metals.

The red bap used to contain [W/PW burned in incinerators am made of chlorinated plastics
(PVC). Burning these red bag wastes generates a number of air pollutants of concern including:
hydrochloric acid, dioxins, fArans, and particles. These toxic stack emissions am a significant hazard
to the community. As public concern increases (and regulations change) proper flue-gas cleanup will

,It  Heat Cme FmaWt Wave Mwqgmm Sune .
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be required. Some of the air emission control devices that could be installed include: dry impinge.
merit separators, dry cyclonic separators. venturi scrubbers. electrostatic precipitators. fabric filters. %ct
3cid gas scrubbing dev -es, and dry scrubbing systems.

IW/PW. Treatment:Better Operating Practices -Autoclaveslhetorts

Autoclaves or retorts are used in several hospitals to disinfect IW/PW before landfill disposal.
All the operators should be trained in proper equipment use. The bags used in autoclaves should
allow sufficient steam penetration and yet contain the wastes. Compaction of wastes must always
follow the autoclaving process. Spore strips should be used to check the effectiveness of the operation.

Source Reduction -Sharps

Clipping needles after use is prohibited by AR 40-5 to prevent generation of pathogen-containing
aerosols. Used syringes must be placed only in rigid impervious containers marked with the universal
biohazard symbri. Adequate %;ontainers must be provided and managed by trained personnel.

Source Reduction Hazardous Wastes

MW - Bette Operating Practices - Inventory

A current and comprehensive inventory must be developed for all the hazardous materials used
and hazardous wastes generated. The inventory must contain the following for each HW: a
description; hazard code; USEPA (or State) number, physical form; rate of generation; method of
treatment, storage, and disposal; and an indication if the waste is infectious. All HW on the inventory
must be reviewed annually and reported to the installation environmental office.

Infectious hazardous wastes could be generated at the histology (waste xylene), parasitology
(hazardous fluids). and radiology (waste barium) laboratories. A prope inventory must be developed
for these wastes. The procedures for handling these wastes ae outlined in Irecdoau Hazardoba Waste
Handling and Disposal."

HW- Better Operating Practices - Proper Storage

Proper containers must be used to store hazardous wastes; they must be properly labeled. They
must contain liners compatible with the wastes. Upon exceeding the 55-gal (or I qt for acute HW)
storage limit in the satellite accumulation areas, the 90-day temporary storage requirements"' have to
be complied with and the wastes must be turned in to the Intallation's hazardous wastes storage
building.

HW (solvents) - Beter Operating Pracrca - Segregation

Solvent wastes must be segregated according to the recycling ojr treatment processes used for
their recovery or disrpsaL Some of the criteria useful for segregation are:"s flash point. Bt value.
viscosity, halogen content (e.g.. chlorine), and water content. Segregating wastes a individual
chemicals (with minimal contamination) simplifies waste management.

'"Inf $iow Hawdow Wma HM&liq &d Do LomI Twhral Guide Nunbwr 147 (USAEHA. 196)
'"40 CFR 262.34. O"m Accdarmi Revaemwu.
' EwohW mid Eamvkom l p.. pp 5-1 t 5-3.
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hW (solvents) - Product Substitution

Nonhalogenated solvents must be substituted for halogenated solvcnts (e.g.. TCE, 1.1.1-
trichioroethane. MC. etc.). Simple alcohols and ketones are good substitutes for petroleum
hydrocarbons (e.g., toluene. xylene. etc.). Aqueous reagents must be used whenever possible. The
feasible substitutions have to be determined by laboratory managers 'on a case-by-case basis.

Xylene is commonly used as a tissue clearing agent at hospitals. Use of a nonhazardous sub-
stitute (such as Histoclear TM ) must be examined to determine its effectiveness.

HW (solvents) - Process Change

Cleaning processes that use alcohol-based disinfectants must be modified to use ultrasonic or
steam cleaning methods. Premixed containerized test kits must be used for solvent fixation (making
slides). Calibrated solvent dispensers must be used for routine tests. Minimizing the sizes of culturcs
or specimens in the pathology, histology, and other laboratores, minimizes the quantities of solvent
wastes produced.

Modifying laboratory methodologies to use modem technologies (e.g.. monoclonal antibodies.
radioisotope labeled immunoassays. and ultrasensitive analytical devices) minimizes or even eliminates
the need for extractions and fixation wit; solvents. Sensitive analytical equipment can reduce analyte
volume requirements.

LW - Better Operating Practices. Disposal

All the laboratory hazardous wastes that may be discharged into the sanitary sewer must be
identified. Approval must also be obtained from local authorities. According to USEPA requirements
(40 CFR 261.3(aX2XivXE)] the following conditions must be mnet:

1. Only low toxic hazard, and biodegradable wastes may be discharged.

2. The annualized average flow rate of laboratory wastewater must not exceed I percent of the
total wastewater flow into the inflow of the wastewater treatment plant.

3. The combined annualized average concentration must not exceed one pan per million (ppm)
oithe inflow to the wsewater uatmen plant

Proper standard operating procedures must be developed and used for disposal of chemicals in
the sanitary sewer system"'i 6 Disposal actions must be coordinated with the installation's environmental
office. Sewer disposal Is an envimmentally unsound practice and must be avoided. However.
controlled disposal is allowed by law.

NW (mercury) - B~etr Operating Practices

Waste mercury can be recycled and must be recovered from spills and from crevices of broken
devices. All the residual mencury contained in broken thermometers, blood pmsure reservoirs, or other
devices should be drained. However, proper spill cleanup and handling operations have to be designed
to protect the employees. Special mercury vacuums and spill absorbing kits arm available.

so NaU,*IlPMCII CowamL Prod A'ucw for D4@ad of Ckhwuc#J ft"~ Lbwav, (Nadmia Mailm Pruss
wu~m. DC., 193).
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hW (mercury) - Process Change

Many hospitals in the United States are using electronic piezometmc sensing devices instead of
mercury-based thermometers and blood pressure instruments. Such a substitution eliminates both the
hazards and cleanup costs associated with broken glass and spilled mercury.

MW (formaldehyde) - Better Operating Practices

Reducing both the cleanizg frequency of hemodialysis and reverse osmosis (RO) water supply
equipment and the solution strength will minimize the quantities of waste formaldehyde generated.
The membranes used in RO units have to occasionally be flushed with formalin. A laboratory standard
for formalin solutions should be developed based on nicrobial culture studies that compare microbial
residue with variations in strength, cleaning frequency, and water supply systems."

HW (formaldehyde) - Process Change

The dialysis equipment used in the hospital can be used to capture and concentrate waste formalin
(containing 4 percent formaldehyde. I percent methanol, and 95 percent water)."" Formaldehyde
extracted and concentrated with the used dialysis membranes can then be sent for proper disposal (e.g..
incineration) thus minimizing the waste and associated costs.

CW- Better Operating Practices - Collection/Disposal

Special dedicated containers must be used to collect anteneoplastics, cytotoxins (cancer treatment
agents), and other controlled drugs. Many of these drugs ae listed hazardous wastes and must be
managed using proper turn-in procedures.

CW- Better Operating Practices

Segregation of CW from other wastes is an effective minimization practice. Personnel must be
properly trained and separate containers (with distinct labels) must be placed In al the drug handling
areas.

The cleaning fiequency for hoods used for compounding drugs should be reduced. According
to OSHA recommendations, hoods should be wiped down daily with 70 percent acohol and decon-
taminated weekly with an alkaline solution."' However, the actual cleaning frequency must be
determined baed on the use and amount of spiUage in the hood.

SpiU cleanup kits, for smafl and large spills, must be readily availade in die drug compounding
and use areas. The granns, except gloves, worn by employees should be disposed of with non-
hazardous refuase if no spills occured.

The location of compounxing and administration ores should be endraized to minimize spillage
andexposure hazards. Drug pwuses must be controlled such that only the approptlate container sizes
are p ured and no residue is left for disposal. Outdated drup should be returned to the
manuftacte.

I" Ecolsy mI Enawko. bIs
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CW- Product Subsiraion

Antineoplastics and cytotoxic agents are highly toxic and environmentally persistent. They must
be substituted with biodegradable drugs. In some cases, the shelf life can be used as an indicator of
environmental persistence. Doctors and pharmacists must be encouraged to choose less environmentally
hazardous drugs of equal effectiveness.

RW - Product Substiuton

A knowledge of the properties of radionuclides is required for the minimization of RW. A
stable radionuclide with a short half-life, low energy, nontoxic decay product. and minimal extraneous
radiation emissions must be chosen. Extraneous radiation is the radiation generated that is not required
in a test or procedure. If a beta emitter is required, a radionuclide with minimal gamma emissions
must be chosen. Containment of gamma rays is difficult.

A radiation safety committee should be established to advise researchers about alternative isotopes

that am less environmentally hazardous than those cunently in use.

RW (3Radium) - Product SubstitaWon

mRadlnu is the most hazardous radionuclide used for cancer treatment in hospitals. It has a

very long half-life and its decay products am unstable. '"Iridium or "'Cesium needles have been
found to be good substitutes for fRadium needles."

Recycling Onsite/Ofhlte • Hazardous Wastes

HW (xylene, other solvents) - Recycle Onsite - Disulation

Al the spent solvents generated In the laboratories must be accumulated in proper segregated
containers. The recyclability of solvents is greater if contamination is minimal. Small distillation
stills can be used to recover solvents for muse.

Table 24 lsts manufacturers of industrial distillation equipment. For laboratories, stills made
of glassware (pcocess.upnntng bansd distllation"') may be more suitable. Appropriate manufacturers
(e.g.. BIR Instrment Corporation. P.O. Box 7. Pasadena. MD 21122 (301) 647-2894) must be
contacted for information on tecl febility and costa.

Xylem wastes generated at the hospitals ar contaminated with paraffin and tissue samples, and
their recyclability depends on the content of the contaminants. Small stills can be used to distill out
pure xylem for muse. The still bottoms must be properly disposed of as HW. The still can be used
to recycle other solvents (eg.. ethanol).

HW (solvents) -Offte Recycling

A number of commercial ncyclers process solvents for re.ue Table 20 ls some of them.

'IBnso md Ea w Ia..
LM. Gib. IRtsmy of Wom Orpuk Solwaf i a Heith Con Insdm" Ain.wo CIL ik PdaVcts Revww

NDeub 1h 3)
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HW (mercury) -Offsue Recycling

If more than 10 lb of liquid mcrcury is accumulated, it can be sold to a commcrcial
reprocessor.1Y' Large quantities can be scnt in standard (76-1b) flasks supplied by the reproccssor.
These reprocessors are willing to purchase from institutions rathcr than individuals. Therefore. DR.IO
must pursue this option for Army instailation generators such as hospitals, laboratories, etc.

HW (formaldehyde) - Onsite Recycling - Reuse

Direct reuse of formaldehyde solutions in autopsy and pathology laboratories is possible.
depending un the type of specimen. Reuse is possible because the specimen holding timcs are short
and formalin solutions retain their properties for a long time. Additionally. the desired preservative
properties may be more effective at lower concentrations than the 10 percent formaldehyde solutions
commonly used in pathology laboratories."' Minimum effective strength of formalin solutions should
be determined based on microbial culture studies.

HW (photographic chemicals) - Recycle Onite/Offsite - Silver Recovery

Silver recove.y methos such as those described in Chapter 7 must be used.

Treatment • Hazardous Wastes

hW (solvents) - Orsite Treatment- Ircineration

If recovery by distillation is not a feasible option, onsite incineration should be considered. A
permit is needed to operate an incinerator to bum solvents. Therefore. onsite incineration may not
be a practical option for most Army hospitals. However, with the increase in offsite incineration
costs and the ban on land disposal of liquid wastes and long-term liabilities. onsite incineration may
become a feasible treatment method in the future.

Waste designated for incineration must have a high Btu content, a high flash point, low specific
gravity, and a low solids content. The incinerator must be designed to achieve complete destruction
while generating negligible quantities of air pollutants. Both technical and institutional problems have
to be addressed before acquiring an incinerator to bum small amounts of a wide variety of chemical
wastes.M

HW (solvents)- Offfite Treaorent. Incineration

Use of offsite facilities to incinerate solvent wastes tray be a feasible option for most laboratories.
Commercial incineration facilities require generators to segregate wastes and arrange for transportation.

LW (acids/alkalis) - Treatment- Neutralization

Elementary neutralization of corrosive liquids is exempt from treatment permit requirements.
Acids (pH < 2) and alkalis (pH > 12.5) must be neutralized before they ame allowed to flow into the
drain.

National Reseach Coumcil. pp 44-55.
' National Rmarch Comcil. Chapwr 4.
'' National Research ComnciL Chaw 9. pp 111.125.
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9 WASTE MINIMIZATION FOR PHOTOGRAPHY, PRINTING, AND
ARTS/CRAFTS SHOPS

Photography and photoprocessing are common operations at Army installations. Among the

source types that use photography are: training and audiovisual centers, hospitals, dental clinics, and
research laboratories (as discussed in Chapter 4). Printing operations are limited to training and
audiovisual centers. The materials used in producing a photograph are paper, plastic film, or a sheet
of glass containing light-sensitive photographic emulsion. The tmulsion is a gelatineous substance
containing silver halides (chloride, bromide, and iodide). Some photographic films may be made of
cellulose acetate. However, most are made of polyester. In photography, a negative containing
different shadings is produced. The dark portions on a negative contain heavy deposits of silver.
The processing that follows the exposure of a film or emulsion consists of developing, fixing, and
washing. Wastewater containing photoprocessing chemicals and silver is the primary wastestream of
concern.

A printing process usually follows image processing, including typesetting and the photographic
processing step discussed above. However, an intermediate step to prepare plates to carry the image
to paper is necessary. A roller transfers ink onto a plate or a cylinder. The image on the plate or
cylinder is transferred to a rubber blanket which in turn transfers it to paper. There are four different
types of image carriers: manual - in screen printing; mechanical, for relief printing; electrostatic - in
offset duplicating: and photomechanical - most common method of platemaking.'u Preparation of plates
is followed by the actual printing. Two common types of printing presses used are: sheet-fed presses
that can print up to 3 impressions per second and web presses dta operate at the rate of 1000 to 1600
feet per minute.m

In the printing process, the plate (a thin aluminum sheet) is first attached to the plate cylinder
of the press. Each unit of a printing pis then prints a single color. Four units (red. blue. yellow,
and black) are rquired for a ful color illuz. l,:ion. The raw materials typically used in a printing
operation am inr. paper or other print subsrate, and fountain solution. Wastes generated from a
printing process include waste inks. used ink containers, used plats, damaged or worn rubber image
tr-nefer bl.nkis, waste ows oils. cleanup 4olvents, rags. and trash2'

The a and crafts shops are educational and vocational shops that provide training in automobile
maintenance/repair, metalworking, graphic am, and woodworking. Only the minimization of wastes
from the photography and printing section of arts and crfts shops is considered in this chapter.
Minimization of wastes from automobile maintenance/repair and metalworking are discussed in Chapters
5 and 6, reqectively. A summary of processes. corresponding waste smumams, and DOT classifications
is provided in Tables 29 and 30.

Most of the wte mnimization options discussed in this chapter have been extracted from Waste
Audit Sady - CmwwcWa Prtin Indusvy.0"

'= b Englmsv Omua Inc.. Warn A-WU Stly• Cmoc l Primg laaarry (CaifmWna DVartimuu of Health
Saviem, Semnumo, CA. May 198).

o Jm Engn"rkq Group, inw.
w Eng (te 0r~,inc.IaJmUs Engkwis &op bw

3Jwba Engmuteg Orp Inc0
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Source Reduction - Photography and Printing Operations

All Wastes - Better Operating Practices - Proper Material Handling and Storage

Raw materials may become obsolete and get spoiled due to improper storage and handling.
Therefore. proper storage and handling is a good operating practice that will reduce the amount of
waste generated and result in savings in raw materials corts.

Photographic and printing chemicals require proper storage. which is usually indicated on the
containers. They are sensitive to light and temperature. Proper storage under recommended conditions
increases their shelf life and results in savings in raw materials costs and disposal costs.

The storage am must be kept clean. One way to keep the storage area clean is to prohihit
through traffic and restrct entry to only a few persons. Traffic increases the amount of din and the
possibility of contamination. It is easier to contain spills if the entry is restricted to only a few
persons.

Proper inventory control is necessary to decrease the possibility of the material's shelf life
expiring before the materials are used. The materials should be arranged and labeled on shelves so
that those that were purchased first must be used first. Computerized inventory control and materials
tracking will help manage the inventory.

Material with an expired shelf life should not be discarded. Tests must be used to determine
the effectiveness and usability. Waste disposal may thus be minimized.' Excess material should be
recycled through a manuficturer or a waste exchange.

Ordering excess material should be avoided. Material ordering should be based on use. Small
printing operations should purchase inks in small containers to limit the possibility of the ink spoiling
in large containers that may not be properly sealed. Large printing operations should order materials
in large containers that can be reurned to manufacturers for cleaning and muse.

Raw materials should be inspected when they arrive and beto,. "lie. Unacceptable an/or
damaged items must be returned to manufacturers to avoid disposal problems and to avoid creating
defective products.

Source Reduction - Photographic Operations

Photographic Chemicals - Better Operating Practices - Proper Chemical Storage

Many of the photographic chemicals degrade in the presence of air. Small photographic
operations etare chemicals in plastic containers. Adding glass beads to the containers to bring the
liquid level up to the brim has been found to be useful.1' The life of the chemicals can thus be
extended.

Photogrphic Film . Material Subtlaulon - Nonsilver Films

Substituting films containing silver with those containing frnhazanlous chemicals reduces
hazardous was generation. The silver from silver films makes the photographic wastes (e.g.. fixing

,3m0 Lqbwsbq Omup. fe.
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b:&h solutions. rinse water. etc.) hazardous. Only very low silver concentrations are allowed in
wastewaters treated at wastewater treatmnent plants operated by county sanitation districts.

Some substitutes to silver-halide films include vesicular (diazo). piotopolymeric. and electrostatic
films.'" However the disadvantage of these films is that they are slower tha silver films. Vesicular
films consist of a honeycomb structure and ame constructed from a polyester base coated with a
thermoplastic resin. These films are also coated with a light-sensitive diazonium salt. Photopolymeric
films use carbon black instead of silver. A weak alkaline solution is used to process these films. The
spent bath solution is a nonhazardous waste that can be neutralized before disposal. An electrostatic
charge makes electrostatic film light sensiive. The speed of this nonsilver film is compatible to silver
films and it has a high resolution.

Other Photographic Wastes - Material Substitution

Other photographic wastes such as intensifiers and reducers also contain hazardous compounds
(e.g.. mercury, cyanide salts. etc.). Use of available nonhazardous substitutes will reduce the amount
of hazardous wastes generated.

Fixing Bath Solutions - Process Change - Extend Bath Life

TIe life of fixing baths can be extended to reduce die quantities of wastes generated from
photographic opetations. Some of technques that could be used include:'

1. Adding ammonium thiosulfate wl.Ich increases the bath life by doubling the allowable silver
concentration.

2. Using on acidic stop-bath before the fixing bath.

3. Adding acetic acid to the fixing bath to keep the pH low.

Photographic Wastwatr -Process Change - Reducion in Water Use

Parallel rinsing is commonly used in photographic processing operations. Converting to
countereurrent rinsing reduces the amount of wastewater generted In countercurrent rinsing, the
water flows in a direction that is opposite to the film movement. Thus, frem water in the final tank
is used in the fina film washing stage after most of the contamination has been rinsed off. The most
contaminated water is in dhe very first washing stage. A couerueunm system, nowever, requires
more eqipment and spc.

Sponges or queege must be used in nonaurowated operations to remove excess water from
dhe films. Thus die dragouit of chemicals from on tark to another can be reduced by almost 50
percentLs Minimizing contmination of processing baths has many advantages including: inrmassing
the recyclability of solutions, extending solution life, and reducing the quantities of raw materials
(replenihmns) mqAlsud

Another method of reducing waste chemicals is to add accurate amounts of replenishment
chemicals and properly monitor the chemical concentrations of bathe. Exposing the process baths to
air must be mintimized to prevent oxidation reactions.

"Jmwb Eagiserg Group. he.

'T M1mlu Enquserig Goup, he.
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All Photographic Wastes - Process Change

With the recent advances in desk top publishing systems and the use of personal computers,
electronic prepress photographic systems" are gaining widespread popularity. In such a system, the

graphics. photographs. and layouts are scanned into the computer. Editing is accomplished on the
monitor rather than on paper. Only the final version is printed on paper. Use of electronic sytems
will preatly reduce the quantities of wastes generated from photographic operations conducted at
printing facilities.

Source Reduction - Printing Operations

Metal Etching/Plating Wastes - Process Change

If printing operations still include metal etching and plating. alternative processes (e.g.,
lithographic plate. hot metal. flexographic. etc.) must be examined as substitutes. These alternative
processes do not present the problems associated with tmatment and disposal of bhazardous wastes.

Metal Etcr'eg and Plating Wastewater- Process Change - Reduci-3 Water Use

The wastewater produced from metal etching and plating is a hazardous waste. Efforts mu
be made to reduce the toxicity of wastewater by reducing the dragout from process tanks and by
using countercurent riiaing. Dragout reduction can be achievcd by: (1) positioning parts on racks
so they drain propedy, (2) using drip bars and drain boards to collect the dragged-out chemicals and
returning them to the process tanks, and (3) increasing the process tank temperature to reduce surface
tension of the solution thereby minimizing its tendency to cling to pans.

Countercurrent rinsing reduces the amount of wastewater leaving an opearlon. However, it does

not reduce the hazardous material content in wastewater.

Lidthographic Plate Processing Chemicals - Better Operating Practices - Reduced Chemical Uie

The use of plate processing chemicals must be reduced. One way to reduce chemical
consumption is to frequently monitor the pH. temperature, and chemical concentration of the bath.
Bath life can thus be extended and changing of solutions can be reduced to only a few times a year.
Using automatic plate processors facilitates precise monitoring of bath conditions.

Lithographkic Plate Processing Plates. Better Operating Practices - Proper StoragelRecycling

Proper storing of plates reduces the possibility of them getting spoiled and maintains their
effectiveness. Used plas ae not a hazardous waste and must be collected and sold to an aluminum
recycler.
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Lithographic Plate Processing Plates - Material Substitution

Alternative "presensitized plates" are available that can be processed with water. Other plates
available include "Hydrolith" plates manufactured by 3M Corporation." ' 3M has also developed a
platemaking system that eliminates the need for photoprocessing. and has been found to be economical
for large plating operations."'

Web Press Wastes . Process Change. Break Detectors

Using break detectors in web presses prevents severe damage to the presses and also reduces
the quantities of wastes from spillage of inks, fountain solutions, and lubricating oil. Web break
detectors detect team in a web as it passes through a high speed press. Broken webs tend to wrap
around rollers and force them out of their bearings.

Waste InklCleaning SolventslRags . Better Operating Practices

Rags dampened with cleaning solvents are used to clean presses. The amount of solvent and
nL.nber of ra~s used can be minimized by reducing the cleaning frequency and by properly scheduling
cleaning. Ink fountains must be cleaned only when a different color ink is used or if the ink has
dried out. Overnight drying of ink may be reduced by using compounds that are dispensed as aerosol
sprays.*n Thus, the amourn of waste ink, solvents, and rags is reduced.

Waste Inks. Better Operating Practices

The amount of waste ink generated can be reduced by implementing better operating practices.
Only the required amount of ink must be put in an ink fountain before starting a print job. Resealing
the ink containers after use is a good practice that prevents contamination by dust/dit. formation of
a "skin" on the ink surface, loss of solvents, and hardening. As much of the ink as possible must
be scraped from the container for use.

Automatic ink levelers, when used in large presses, Iprove the prnt quality and reduce the

amount of trah Lid ft likeHlihood of accidental spills.

Waste (Flexographc) Inks . Product Substtution - Water-Based Inks

Suboituting water-bued inks for solvent-based inks ii flexogralA,. printing reduces the quantity
of hazandus wastes generated. Use of water-based inks niso eliminates the problems encountered
with volatilization of solvents. Some of the disadvantages of waer-baed inks include: limited range
of colors, higher energy requirement for drying because of hig. heat of vaporization, higher equipment
operating costs, lower capacity, lower speed, and difficult cleaning ,qurements. M  Water-based inks
am not availe for uthosrptdc printing operations.

MUL Cmnm*W mid W.M. Glow.
' MI. CnpbsU mid W.M. Oh..Mi...b Enoinsebi Uwup. Inc.
' 1 . Ensmtna Omqyw In.
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Waste Inks- Product Substiuution - UV Inks

Ultraviolet (UV) inks ae those that dry when exposed to UV light. UV inks contain: monomers.
photosynt-esizers. and pigments rather than solvents. Because they do not dry in fountaihz, the need
for clcaning is reduced. The advantages f UV inks include: '"

1. UV inks elimi .ate "set-off" -- the unintentional transfer of ink from one sheet
to the back of the preceding sheet after the sheets have been stacked, which
occurs when the ink has not completely dried.

2. UV inks eliminate the need for anti-offset sprays that prevent set-off.

3. UV inks eliminate the need for ventilated storage of sheets when using oxidative
drying processes.

Disadvantages of UV inks include: m

1. The cost is 75 to 100 percent higher than conventional heat-set inks.

2. UV light is a hazard to plant personnel.

3. The interaction of UV light and atnospheric oxygen for.s ozone.

4. Conventional paper recycling procedures will not deink paper printed by this
process. This creates a waste source from an otherwise recyclable material.

S. Some of the chemicals in the inks are toxic.

Waste Inks- Product Substiution - ED Inks

Electron beam (EB) inks re those that ame dried by electm beams and are similar to UV inks
in operational concept. They have the same advantages as UV inkL. However. operator protection
from X-rays is necessary and these inks degrade the paper.

Waste Inks - Product Substitution - Heat Reactive Inks (Web Presses)

Heat reactive Inks contain a prepolymer. a cross-linking resin, and a catalyst. At 350 'F. tI.
inks am activated to polymerize and set. These inks contain much less solvent than the convenuonz
heat-set inks.

Cleating Solvets - Good Opeading Practices . Pour Cleanig

Whenever possible "pour cleaning with solvent followed by "wipe" cleaning with a rag could
be used to clean presses. The drained solvent must be collected and recycled. Although mom solvent
is used In this process, less Ink ends up on the rags. Cross-contaminaion of Inks must be avoided.
The used solvent can be used to clean rollers and blankets, thus mducing the amount of fresh solvent
used.

J"Jacbs Enmadn Gmup., InL.

) macobs Eqsiasnig Oo. I=
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Use of wipe cleaning with rags may be preferable to pxour cleaning in some cases because the

quantity of solvent wastes is considerably reduced.

Cleaning Solvents Good Operating Practices

Detergents or soap solutions rather than solvents should be used for general cleaning. Use of
solvents should be limited to removing inks and oils.

Cleaning Solvents -Product Substitution Nonha:ardous Formulations

Hazardous materials such as benzene, carbon tetrachloride. TCE. and methanol were previously
used as cleaning solvents. Several "blanket washes" containing glycol ethers and other heavy
hydrocarbons that are less toxic and flammable are now avalable. Using nonhazardous blanket washes
is recommended for all cleaning requirements in a printing operation.

Fountain Solutions - Product Substitution

Conventional fountain solutions contain water. isopropyl alcohol, gum arabic. and phosphoric
acid. These compounds are transferred to the printing paper or they evaporate causing volatile organic
compounds to be released. Substitute formulations must be used to reduce the emissions.

Waste Paper Good Operating Practices Reduce Use

Printing operations generate a large quantity of waste paper. AlthoUgh paper is not a hazardous
waste, reducing paper consumption and tht,s the purchase of new paper is a good operating practice.

Recycling OnsltefOffsite • Photo,'-.,mc Operations

Spent Fixng Bat Solution Onsite Recycling Slver Recovery

Spent fixing bath solutions ccntL~n silver that can be recovered. Following recovery, the bath
can be reused or discharged to a "ever. Some of the reasons for recovering silver from the solution
include: ' ' reducing the amount c hazardous silver compounds ir wastewaters, extending the useful
life o' qxing baths, and redeeming the precious metal value of silver.

Electrolytic deposition Is the most common method of recovering silver. The electrolytic
recovery units have carbon anodes and steel cathodes. Applying a low voltage results in the plating
of metallic silver on t.e cathode. The fixing bath solution, after silver removal, can be mixed with
fresh solution and mused in the photographic development process.

A second method of silver recovery is the use of steel wool carirdges to replace silver in an
oxidation-reduction reaction. In this prcess, the spent fixing bath solution is pumped through the
steel wool catridge and iron replaces silver in the solution. Silver sludge settles to the bottom of
the cartidge.

A detailed discussion of methods and procedures for silver recovery Including: general procedures
for hypo collection and recovery, procedures for removing silver from recovery units, recommended

"w o Engbiaingt rop. Inc.
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recovery procedures for use with automatic film processors, and procedures for using the metallic
replacement recovery cartnidges are outlined in the Defense Logistics Agency's Defense Utilization and
Disposal ManuaL'@

Photographic Films - OTI~te Recycling -Silver Recovery

Ph~otographic laboratories and many other facilities that use X-ray films generate used
photographic filmns that contain I percent (0.15 troy ounces) of silver." These films must be sold
to recyclers for silver recovery.

Recycling Onulte/Offslte - Printing Operations

Metal Etching and Plating WastewateriSludge - OnsitelOffsite Recycling - Material Recovery

The wastewater from metal etching and plating operations contain heavy metals and various
quantities of process chemicals. Material recovery processes can he implaemetd to recover some of
the process chemicals and thus reduce raw material costs.

Used Metal Wastes - Qifitte Recycling

Liotype operations used for letterpress printing generate used metal wastes. The process use#
anialloy with alow melting point to crewtethe lettershin lines of text. The metal mustbe melted in
the linotype machines and/or recycled. The manufacturer or metal supplier may he willing to buy
the used metal and recycle IL

Waste Inks - Onuite Recycling

A simple recycling techtdque is to blend all the waste inks together to form black ink. It may
be necessary to add small amounts of color and toner to obtain = acceptable black color. The
reformulated black Ink is similar in quality to new newspaper ink. Most newspaper printing presses
use recycled black Ink.'4

Waste Inks - Offsite Recycling

Contract recycling of waste inks can be used to produce black ink. This black ink can be used
to print newspapers or flyers. In such a contract, waste inks are bottled and shipped to the recycler
(or manufacturer) and the reformulated black ink is shipped back. Maw costs of buying new black
inks and disposing of waste inks can thus be reduced.

Cleaning Solvents - Onsfte Recycling - Distilation

Small distillation units ame available for recycling solvent used in pour caning. Proper
segregation of solvens and trash is necessary. Still bottoms have to be disposed of as hazadous
wasge.

' Dq nm Utgiaie m! Diq" MamL DOD 41620.21.M (Defatm Lqgldc Age"c. Office of da Aaeisait Sscremy
of Defame. Aleaueiae VA. Septanber 1962). pp VI-42 mid XVU.A-3 dvoush XVUI-A-10.

~Dqam (Uaika P-4 DiapomL Mun.
C Woimoom Wane IRA RMcfnqin ArJed (Celiforis Daerai of Keekh Servioee Toak Sabeauwee Ca'tot
DivIium. Mgus 1964).

10



Waste Paper. Offsite Recycling

Waste paper must be collected and recycled. Manufacturers or paper r.ecyclers remove the ink
and fepulp the paper. Pulp from recycled paper adds strength and durability to many other paper
products.

Treatment - Printing Oerations

Wastewater from metal etching and plating operations is classified as hazardous and must be
treated before discharge to a municipal sewer. If not treated, it must be put in drums and disposed
of as hazardous waste. Packaged treatment units that neutralize and precipitate the heavy metals are
available. The sludge generated from treatment is also a hazardous waste and is banned from land
disposal.
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Table 29

Typical PPAS Operations With Materials Used and Wastes Generated*
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Table 30

Wsste Clasiflcation for PPAS

Process Description Waste Description

Materials ued/ HW DOT Hazard class Number
Pr esf wases produced code shipping same

opersdm

Carbon tetrachorida lI Wasto carbon tarachloride ORM.A UNIM46
Wasts solutions with heavy Varin Hazardous waste solution. NOS ORM.E NA9189

Photooqthic meals (Cd. Cr. Pb. etc.)

Ethyl oohol 3001 Waste ethyl alcohol Flanunable liquid UN 1170
sopreo alcohol D001 Waste aopropyl alcohol Flamable liquid UNI219

Washing Mehykfl oem FOOS Wa methyehylkene Flamnuable liquid UN1193
cleaning Platm; Nepsha D001 Waste naptha Flamnable liquid UN2S$3
press claup Pnchlorwothylene FO0M Waste pechlomethyleae ORM.A UN1897

Petro!auns diutltes DOOI Waste petoleum distillate. Flamable liquid UN1268
Pom wash 0001 Wat flanmuable liqud. NOS Flammable liquid UN1993
Trddaionhyiene FOO Wowtemrihloroahyleas ORM-A UN1710
XyUMi 0001 Wot xylea Flammable liquid UN1307

Amnomoom bydnoids i002 Wao mesnotm hydoids Correive matmial NA2672
Hydaudorl mid (Cr) 0002 Waste hy ochlor acid Correive material NA1789

hwhing. plating Niri md (ZC. Mg) D02 Wae uic mad Corrosive material NAI760
Phospimh- cid D002 Waste phosphoric acid Corrosive material UNI805

Woo ink (caskinag 0002 Waw ink Combustble liquid UN2867
varmm souvait and heavy Flwmnabi liquid UNI210

pisuing meltals)

Ink shodge (heay Metal.. 0002 Hazardous wase liquid. NOS ORM.E NA9 13
Cr or Pb) Hawdoue wa l d. NOS ORJ-9 NA9189
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10 WASTE MINIMIZATION FOR OTHER SOURCE TYPES

Heating and Cooling Plants

Army installations have a number of heating and cooling plants that generate power and steam.
Hazardous wastes are generated by using various combustible (e.g., cyclohexylamine) and corrosive
(e.g., caustic soda. caustic potash. hydrochloric acid) chemicals to adjust pH, prevent scaling or
corrosion, clean the interior of the boiler, and to test feedwater. In addition, boiler blowdown liquid
mixed with water is a hazardous waste generated periodically. Waste oil blended with virgin fucl oil
is burned in boilers at some installations. The waste oil may be a hazardous waste, depending on the
content, and should be burned only in permitted facilities.

A number of efficiency related boiler maintenance procedures can be used to minimize
environmental pollution, while correcting malfunctions in boiler operation and preventing performance
degradation. Component malfunction or performance dcgradation can cause increases in: stack gas
temperature. excess air requirements. carbon monoxide, smoke, or unburned carbon in ash- convection
or radiation losses from the boiler exterior, ductwork, and piping; blowdown above that required to
maintain permissible water concentrations; and auxiliary power consumption by fans. pumps, or
pulverizers. In addition to the normal maintenance recommended by manufacturers, efficiency-related
maintenance procedures must be performed to extend equipment life and for personnel safety. These
procedures include:' efficiency spotchecks of combustion conditions, establishing best achievable
performance goals, monitoring performance (boiler log) to document devitions, periodic equipment
inspection, and troubleshooting. Boiler tuneups also improve efficientcy and tuel conservation.

Some modifications to the boiler operating practices improve boiler efficiency, save fuel. and
reduce continuous blowdowns. These practices include: reducing boiler steam pressures, controlling
the water quality by continuous blowdowns instead of infrequent blowdowns, and proper load
man2gemenL Efficient boiler operation also minimizes the amounts of air pollutants (particulates.
carbon monoxide, nitrogen oxides, sulfur dioxide. hydrocarbons, and oxidants) released to the
atmosphere.

Inventory management of chemicals and reducing their use in water treatment and scale removal
minimizes the amounts of wastes produced. Nonhazardo,,s substitutes must be developed and used
instead of the combustible and corrosive chemicals normally found at heating and cooling plants.

Used Oil Burning

Used lubricating oil generated by vehicle maintenance activities can be recycled as a fuel and
blended and burned In boilers. Before burning, however, it is necessary to determine if the oil meets
fuel specifications (Table 31). Used oil that meets the specifications can be burned in any burner
(space heater, nonindustrial boiler, industrial boiler, utility boilers, and industrial furnaces),'" whereas

,kie Daioe Opewi0v Smceboo P.W. Paynw. Ed. (The Fairmont Pt.. Inc., Admat, GA, 1966), pp 79.106.
Industria e defined at utility or power boilers used to supply heated or cooled ai or st ., for a manufacturing
process, md am usually rated at preter th 25 t' BEuihofur. In addition to being located at a manufacturing facity.
it muss be a devie using controlled flame combustion and have the folowing characteristics: (1) a combustion chamber
and primary ener recovery section of integal design, (2) thermal energy recovery efficiency of at least 60 percent. and
(3) at least 75 percent of recovered energy must be exported. Utility boilers we boilers not located at a manufacturing
faciliy and have the &be lit characteistics. They must be used to generate elcuic power, steam, heated or cooled
sir. of other saw or fluids for sale. are trl boiathose that do not fall in the above two categones. They
m subject to prohibition.
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other waste oils can only be burned in high-efficiency industrial boilers, industrial process furnaces, or
boilers that have demonstrated compliance with performance standards set for hazardous waste
incinerators. Notspecificarion used oils can be blended with virgin oil to meet specifications and
burned in an industrial or nonindustrial boiler.

It is necessary to test the used oil for halogen and heavy metal content before burning. Other
treatment techniques stch as filtration, oil-water separation, etc. (discussed in Chapter 5), must be
used to improe the quality of the oil and its heating value.

Laundry and Drycleaning Facilities

Laundry and drycleaning facilities on a Army installation are the responsibility of the DOL.
Caustic soda and other corrosive chemicals are used in the laundry. Perchioroethylene (PERC) is the
most common drycleaning solvent used. The two other solvents used are Vaiclene m (fiuorocarbon 113
or etrachloroethylene). and petroleum solvent (Stoddard). Use of solvents and corrosive chemicals in
these processes results in the generation of contaminated wastewater and dry wastes (Table 32). Table
33 lists the wastes generated and the corresponding DOT classifications.

PERC drycleaning plants generate: (1) still residues from solvent distillation (entire weight). (2)
spent filter cartridges (total weight of cartridge and solvent remaining after draining), and (3) cogged
filter .esidue (the total weight of drained powder residue from diatomaceous or other powder filter
systems after heating to remove excess solvent). Valclene plants generate still residues aad spent filter
cartridges. Petroleum solvent plants generate still residues only. Proper disposal is required for all the
hazardous wastes generated at laundry and drycleaning facilities. Among the acceptable options are
recycling, incineration, or disposal in an authorized hazardous waste landfill. However. source reduc-
tion by material substitution seems to be the most effective minimization technique for drycleaning
operations. The possibility of replacing PERC or Valclene with Stoddard (PD680-ll) or petroleum
naptha must be explored. As is obvious from Table 32, using Stoddard produces the smallest amount
of hazardous waste. If the petroleum solvent has a flash point greater than 140 "F. the wastes are not
considered hazudous and are exempt from reporting requirements. Drycleuuing plants generally have
stills for continuous distillation of solvents, which am constantly recycled. However, the still bottoms
must be disposed of properly.

Woodworking and Prmivlng

Table 34 lists the woodworking and preserving operations and corresponding waste classifications.
Some of the wstus are generated by carpentry shops that manufacture or refinish wooden cabinets.
softwood and hardwood veneer ard plywood, household or office furniture, and other furniture
(including nmupholmry and repair). Typical wood preserving operations used to condition wood
include: steaming. boultonizing, kiln or air drying (under pressure or vacuum), and applying agents such
as creasote, pentaropheol (PCP), and other arsenical compounds.

Inventory control and management Is an effective technique for minimizing hazardous wastes
assoclated with woodworking and preserving. Proper disposal practices must also be used.
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Pesicde Users

Army installations have a number of pesticide users including the entomology shop (pest control
services), the garden shop (lawn, garden, and tree services), and the golf courses. Table 35. lists a
variety of pesticides used and their waste classifications. Use of pesticides in activities ranging from
protecting food and structures to pest and disease control. results in generation of hazardous rinsewater.
empty containers with pesticide residue, unused pesticides, and possibly contaminated soil.

Very dilute rinsewaters or soil contaminated with very low concentrations may not be hazardous.
However, chemical analysis is necessary to verify the concentrations. Pesticide containers are not a
hazardous waste if they are triple rinsed. The rinsewater, however, is a hazardous waste. Some pesti-
cides that contain flammable solvents or ignitable material are also hazardous wastes when discarded.
A number of pesticides exhibit acute toxicity characteristics. Theform, all the discarded and off-
specification products, containers, and spill residues containing acute toxic species are listed as "P"
hazardous wastes [40 CFR 261.33(e)]. All the hazardous material/wastes related to pesticides must be
managed carefully to prevent environmental problems and to protect the health and safety of personnel.

The amounts of pesticide rinsewaters generated can be minimized by using multiple rinse tanks,
installing drain boards and drip tanks, and recycling and musing the water for rinsing."' Treatment
methods include dcstuction with chlorine or lime. incineration, and carbon adsorption." Minimization
of empty containers and contaminated soil wastes is discussed in Chapter 1!.

Open Burning/Open Detntlon

Open burningtopen detonation (OB/OD) is one option used to demilitarize ordnance containing
propellants, explosives, and pyrotecnics (PEP). Other methods ar washoutteamout/meltout and
deactivation in a funace. Ingredents of some common explosive compounds ae listed in Table 36.
OB/OD is the simples and has been the pfimary method of demlitaizaion used at Army
installations."' Active aid inactive sites of OB/OD ame commonly found. The environmental
contaminants generated from OB/OD activity include gases and particles (carbon, soot, etc.) released
into the atmosphere and as residues in soils. The soil residues ae comprised mainly of undetonated
PEP materials and combustiondetonaion products. Table 37 lists the elements found in soils, including
some that are regulated under RCRA and HSWA. Soils at all lie active and inactive sites must be
analyzed to determine the chemical content and proper disposaL

Some of the maurals in the demilitarization inventories at installations may have a recovery
value in excess of the cost of the original item because of the increase In material md manufacturing
cos.L14 Recovery and meus of such materials before burning will reduce raw material costs and
production requirements, mid, thereby, minimize wasts generaed. A number of processes (e.g., rsol-
vadon of ground prpellants selective solvent extraction, disposal of scrap propellant, solution.
pellitiaon, em,.) an availle for m rovey and reuse of propeilant or their ingredients. Procesing

eVum Cay IaphmmaI Hod*th HMWd* Wdna Ractim Gsi"&d ir Jbe. ... t HesMt Pmwraus
(Califods Depavnum of Health avi Samunso. CA. 1987).
S"W$ud NWHbooo qHaswdou Wua rrea4 W Dia el , H.M. mm, ld. (Id Ow Hl. New York. NY. 199).
D.W. Laywmi s . D..iliu.'im of Cmvw'4eiW Irdowwe: Prioeuus of D.5mw Asmxwv of Ewomwwnaa
Cmvidw. UCRL-I5M (U-.. Anmy Mcal Rum sad Dn lopmenm Cownad (USAMRDqC. Fort Devi MD.
195).

'eD.W. Lqa . L.
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propellants by such reclamation techniques'" minimizes environmental discharges, conserves strategic
materials, and provides cost savings.

Under USEPA and State regulations. OBIOD is considered a treaunent technique for hazardous
wastes (ordnance). Therefore, installations are required to obtain a Part B permit. The generation of
contaminated soil residues from OB/OD activity can be minimized by conducting the activity on steel
"bum-pans" instead of on open ground. Incineration must also be explored as a possible minimization
altemadve. Controlled incinertion allows for better control of air pollutants. However. proper disposal
is required for residues generated in any of the operations.

Flrefighting and Training

Aqueous film forming foam (AFFF) is considered a hazardous material in a number of states.
Firefighting operations that use AFFF must be replaced with nonhazardous subritutes. All other
wastes generated by maintenance of fire trucks and other equipment can be minimized by methods
discussed in Chapters 5 and 6.

Another waste generated from fire training activities is contaminated soils in the training pits.
Typically, contaminated fuel (e.g., JP-4, gasoline) is used to generate a fire in the pits for training
exercises. The soil from the pits must be analyzed for chemical contaminants and properly disposed
of.

Underground Storage Tanks (USTs)

Discovery of a number of leaking USTs throughout the United States prompted Congress to
add Subtitle I to RCRA in 1984. Subtitle I requires the USEPA to develop regulations for leaking
USTs to safeguard human health and envimnment. In September 1988, USEPA finalized the UST
rules and regulations"' that cover the technical requirements for designing, installing, testing, and
monitoring USTs, and the requirements for cleanup following releases fom leaking USTs. Many
USTs are located on each Army installation. They must all be tested for leaks and any leaking tanks
must oe managed according to die ruls. Proper management of USTs will minimize the quantities
of vapor emissions, soil contamination, and potential groundwater contamination.

A data base of Information of Army-owned USTs was developed at USACERL."' Many of
the Army's USTs am more dan 30 years old, greater than 10,000 gal. may contain hazardous
substances, am made of steel, and have a high potential for leakage. A leak potential index (LPI)
associated with the data base has been devised to indicate the likelihood of individual tank leakage.'"
The LPI is a tool that enables tank managers to group tanks based on the likelihood of leaks. This
information inotcates which tanks should be monitored more closely, which should be tested, and which
should be consildered for replacement.

'4F.W. Km und LL Smish. Pr~dkw Rnm Tuchrmogy Aesmnw. AMXTh.TE-CR-6076 (USATHAMA. Abstdan
Proin Ground. MD. 1916),

'40 CFR Pam 280.231. UvdA Swap T. TTicul Reqaimme and SW* P um Awmvd; Find Rt .
pp 37061 . 37247.
B.A. Dowh T. Hom, ad K. PbkK MavlagS Uandelwmd Stv, Text Da. Us*w dim Ill Pis& Twhejdl
Report N7T/211 "l/.A18W452 (USACEL. J. 1987).

IS. Dhomomm a @l.. 'A Profile and Maungemt of dw U.S. Army's Undupwed Som. Tikm" wowmav d
Mmqlem~w, Vol 13 (1919) pp 333-331.
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The HAZMIN technique of inventory control is very effective in detecting tank leaks. This
method requires regular measurement of the level of substances in the tanks. Records must aso be
maintained concerning addition and withdrawl of products. Comparison of inflow, outflow, and the
inventory indicates product loss. Other leak detection methods can be grouped into volumetric
methods, nonvolumetric methods, and leak effects monitoring. " Volumetric methods measure the
change in volume with time and are the most fUy developed and popular. Site-specific decisions
have to be made regarding the use of the most appropriate leak detection method. Nonvolumetric
methods measure changes in a variable, such as a tracer gas or acoustic signal, to determine changes
in the level of the tank contents. Leak effects monitoring refers to methods used to determine leaks
in the surrounding environment (e.g.. soil vapor analysis).

Table 31

Used Oil Fuel Specifications

Constituent or Property Allowable Level

Asenic 5 mg/kg maximum
Cadmium 2 mg/kg maximum
Chromium 10 mgdkg maximum
Lead 100 mg/kg maximum
Total Halogens 4,000 mgkg mximum"
Fashpoint 37.7 "C (100 OF) minimum

*S&oe: Pederal Rgiter. VoI 0. No. 23. pp 49. 164.49 249.
OUsed oil cwaauing m-e dw 1000 mg&Ik wud haluopu mun be shoom tt to have been mixed
with haimdon wear. This in called de "rebuabu pemupdo.-

J. Makerbki and P.N. ChmeshWL "SpeCIO Repom Undrowid Seriage Tmlm" Pagwim ftimseiq. Vol 20 (1965).
pp 6049.
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TaJe 32

Amounts of Typical Hazardous Wastes Generated from Drycleaning Operations*

Cleaning Solvent-

Waste Type PERC Valclene Stoddard

Still Residues 25 10 20

Spent Cartridge Filters
Standard (carbon core) 20 15 "
Adsorptive (split) 30 20 -

Cooked Powder Residue 40 n/a n/a

Drained Filter Muck n/a n/a

* Sow=s: H. Wbalow. Howdow Wae SQG Workbook (Inmq Goup, Inc. ChkAg IL 1986), p 144.
In JPmam Pe' IWO p-M of lodmhe daed.

- Woi1rmmd fliw c uA fml m nwo nug uliwew Ow do vM nw rn hefwi for cludifcami. n u igitabIe 9oid.
ud am duhmfore t conomidd bamdoto wum.
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Table 33

Drycleaning and Laundry Operations end Wastes Classification"

Wat Dscription

Materials uad HW DOT Haard class Number
Procem/ code bhipping name
operado.

D m*€Wezdg PERC P002 Waste pencvhoroethylcia or waste ORM.A UN1897

terachioroethylens

Vaiciene F002 Hazardous wasse liquid or solid, NOS ORM-E UN9189

Petrolem solvents DOO01 Waste peualeum distillaue Combmaibe UN1268

Waste petroleum napdha Condmstible UN1255

liquid

Cando soda D002 Waste sodiun hydroxide Cogramive UNI824

Claming onmind D001 Hazardous warie liquid. NOS FRmnble UN9189
Hqukt

'Source: Dryduuq &or Lwde Plow& Harudoul Waste Fact Sheet (Small Quaity Gunms Acliviy Group. Minesot
Technical Aaisumaun Propuen University of Mimesota. Minneapolis, MN, 10U).
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Table 34

Wastes Classification: Woodworking and Preserving Operations'

Wo Descriptia

Process/ Materials used HW DOT Hazard clans Number
operationt code Shippin'm"

Wood clean. Petroleum distillate* 0001 Waste flammable liquid Fluammable liquid LNI"93
ing and WAx White spiit 0001 Waste naptha Combustible liquid UN2553
removal Waste naptita solvent Flammable liquid UN2553

Waste naptha solvent Combustible liquid UN1256
Flamnmable liquid UN1256

Refinishing/ Paint strippers FOM1 Hazardlous waste liquid or wate
str ipping: (containing metitylens methylute chloride ORM.E UN2553
brush cleaning chiosid) ORM-A U-NIS93
and spray gun Paint removers 0001 Waste flammable liquid. NOS
cleaning (contaning distillate&. Flamma"l liquid UNI193

scsne. tohae)
Paint removers 0002 Corrosive liquid Corrosivematerial NA1760
(contaaning cateuc)

UNI193
Staining stans (mineal spuw.s 0001 Waste flammable liquid Flammable liquid

alcohols. pigmnts) UN 1263

Painting Palos (amee. leoquins. 0001 Wass nt or eonme liquid Flammnable liquid UNI193
epoxty. alkyda. scrylics)

NA9189
Vujuish.Shellac. Isuqua 0001 Warne flammnable lkiud NOS Flammuable liquid

Finishing NA2020
Creot KOGI Hazardous woaw liquid or Solid. ORM.I

Presnrving NOS UN1557
I'ac npjm KfOlI Warn panschiowophusal. liquid or ORM.!

Chfomated copper 00041 Solid UN1556
umawm M00 Was.e assenical cmpoiatds. liquids Poison D

Waste sagaical ompounids, so"id UN 1557
Ameascal copper 0004 Wownseniucal comipounds. liquids Poisov B
mmo Wasarn iical omnposunds, go"t UN! 556

Hazadous warns liquid or Solid. Poison 3
Vain NOS NA91839

Other woed ruessa Iv Poison B

ORM-E

*Source: H. Winslow. Ham~wu Wowt SQO Worhwke (Inwag Group. Inc. Chicago. IL 1966). pp 146-147.
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Table 3S

waste assiflcation: Pesticldes'

Waste Descripion

Processioperadom Materials, usd DOT Hazerd class Number

Armalqma.

Anoe penioxide Anose adid andride Wase seac peixide. solid Poison B UN 1359
Anei (V) oxide

Anose tioxide Anemic sesqutozide Wait arsenic ioxide. solid Poison 3 UN 1561
Arsenic (Mi) oxide
Arsenaus adid (uithydride)
While asemItc

Cacodyfic acid Hytbozydlaneshyluune oxide WINSte arsenical pesticide. solid NOS3 Poison 3 UN2759
Diunehylaslnic adid Waiste sercal pesuicde. liquid NOS poison a UN2759

PhyarWan uienia pesticide. liquid. NOS Flammauble liquid UN2760

Monosodiwn MSJIA Wst asnica pesticide. solid. NOS Poison B UN2759
Modianeanonate Anas 170 H.C. end 529 H.C.

Arsuict liquid Waste arsenical pods.ie liquid NOS5 Poison, B UN2759
Dussi 6
Deconase6 Was seica pesticde, liquid NOS flammable liquid UN2760
Del-H-Red
Hlab-AUl
Merge 823

Mons
Tras-Van

Weed-Hoe

Disodium DSMA Wass arseical pesticide, solid NOS Bc.. 3 N2739
Monmeshewssoname Ansew 8100 Wasse uecal psicide, liquid. NOS Poso 3 UN2739

Anbumavl WUU meitical pesticide, liqid NOS Po6o 3 131.759

DMA

Modw 3

Vow DSMA.LQ

'Source: H. Winslow. Hurodome Waft. SO Workbook (hname OfouP. Inc. Chicago. IL 1986). P. 144.
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Table 3S (Cont'd)

Wasw Descriptiom

Processlopeirstioa Materials wmed DOT Hazard clas Nwb
shippin ames

Weed-E.RAd

Pesticides Contsalq
Carbovattw:

Temik AliabWatt cabuem pesticide. solid. NOS Poison B UT~m5
OMS 771 Wate ewbanete peencids. Sid. NOS Poison B ULN03
UC 21149 Wate caibunuzue pesticide. liquid, NOS Flammable liquid LMM7

Pesticides Comma"e
Mercury

2-Metiyeshyl- MEMC WasA mawy bsed pandcdes. solid Poison B UNZM7
esioChiofide Agellol NOS

Cekusil Univenal-C Wastecur y baued patdide. liquid.
Ceesem.Univerni.Naubeize NOS Poison B UNCTT
En.san 6 Wasst awcuny based pesticde, iqpud.

NOS Fluinmable liquid LU77t

Phuiybnuectio PMA Waste macany basnd pestcide. solid. Poison B UlACTT
-PMAS NOS

Atromu Wasse nwauy based pestcidle, liquid Poison B 1077
CeloaUSi NOS
Calne Wast merwy base pesticide. ig"id Flarunable liquid
04110= NOS
Hong Nis

Msomu

Sho-r-n
Ta HL 331

PONk&de Comakics
Sub@ltued.NitUvpheab

Dfrn .eomp D?4C Wastesubstimesi niuuphutol puticid. Poimo B tw
Dt4OC solid. NWS
abMisea Wowt subtitued nitniphuiol pesticide. Paims B Mam7
Deed liquid. NOS
Rmgs- 30 Wasw substaed nhemphanol psticde Fluunaie liquid tMM1
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Table 35 (Cont'd)

waste Deseriptiom

Pracess/operadom Materials usd DOT Hazard class Nu
shipping Sam

Nitrador liquid. NOS
Selinon

Tntfocide

Duaseb DNBP Waste substiuted wuropbuiol pesticid.. Poism B
Dazuiiw solid. NOS IR0M
Cadow Wasts substitutd ninopheriol pesticide. P.1,.. B
Chuno geumi liquid. NOS 1lfUM
Chuno PE Waste substitutd nitrophuiol pesticide. Flammaable liquid

Diduo liquid. NOS m

Dymuni
ElgewI 313

Nittopona C

Skiox gmwa

Vmwe geuri weed killer
Vinier selective waed killer

DInub*em AC-12M8 Weem muiaophophurous pestcide. Poise a3NZ1
31 58 EC so"d NOS

CYgee liqud NOS Poe.B Uta71
Dohm Wins 01o -m P!owo peilde

liqadUid. NOS Rinuwabh liquid WU35
Damons.40
De'Iwn

Dm

Rog"r
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Table 35 (Cont'd)

Wast DescAptiom

Proceu/opwadom Materials used DOT Hazard cuam Nh
asipping naow

Trianmion
Disulfoton Say 19639 and £276 Waste disolfoton poison D NAM7K

Didiioduneson Waste disulfoton mixtuma dry poison B NAZ78
Diaisyawax Waste disulown mixure. liquid Poison B NAM1
Di-Syssm Waste ovganophospharotu pesticide. Flammable liquid UK=7
Ecdtyltddodemeon liquid. NO0S
Pnanmn AL
M-74
Solvirez
Thiodmeson

Famphur Boub Waste organophosphoromu pesticide. Poison B m
Bo-Ana solid. NOS
Dovip Waste orgumphosphorot psticide. Poison B UM
Funfos liquid. NOS
Warbam Waste oqsenophospbmou psticide. Ftanmnble liquid UNZ7S

liquid. NOS

Metdl parih Calumuihion Wast mediyl pored"on liquid poison B NAM
2.601 Waste metyl pirwhion mim.. dry Paism B KAM7K

Davithion Was mothyl paihion Mixture. Poison B
NA2783

Polidon M liquid. (contaitifg 25% or las
P.fostrt 1450 mIsuylpuudiian)
Gamphos Was msdtyl perdiin mixture Poiso B NA27D
Medicide liquid (conmting mm then 25%

Nmas 30 Waste ---.F" 0 ,, - pseoid. Fimiutnable diqid UNMS
parasa liquid. NOS

Medtylpuadaia Pnomph
(Contvd) WOfaso

P11a11hon AC-34n Wowt psuhima liquid Poiso 3 NA2U
A=. Waine perdalanm mixoms cby Poiso B NAME
Allem Wow. pmcddion mistim liquid Paslm B NAMU
Aphurnite Waste orguaopoqihoos Psdclde Flaun" liquid UmmU
Bladua liquid. NOS

ENT 131011
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Table 3S (Cont'd)

Waste Description

Proeeumperadom Materials mud DOT Hazad claw MIO
shipping sme

Ethyl puubion

PoliW E-405

Psaddon
pomw

Porawa

Strych.Im Peaddsm

Sudmte Sayduils $ado wowg muucl . solid Poison 3 UNIWZ2
Wags soychkia salt, solid Bose 3 UN2

Thallim Sulat Psddm

TUHli. sulfate Thalkou sulfas Win dulliw udas. ONi Poiam B NAXY
ROOZ Waow flmunabl licid. pouinu. Flammnable liqid UNM99

Trbmim Psadelia

Antiffule Ajusso Wis -lln NuOSda solbd. B40 Pome
Ak Visali wo~Uui 90 Wages vinis. puade. liU*d N06 PoBe LU

AnmlWas miAimpakldn liqud. NOS Fhmmab liqwuidUtm
AT-90
AT liqud

HAso
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Table 3S (Coni'd)

Waste Description

Proceu/operatioe Materils used DOT Hazard cia. *A~
shipplig same

Siffazow
Weedatol
Weedm TL

Fimumamble So.1mbl Used
IN Peedcdwe

Methyl alcohol Methal Waste methyl alcohol Flajuabl liquid LN=Z

Ethyl alchol Ethuol Wasse ethyl alcohol Flammable liquid LN1110
Alcoo

Isoptopyl alcohol Isqopmeol Waste isoptopanol Flamable liquid UI9

Tohim Meityl bmmisA Was tolumie (all) Flaimmable liquid UNI2%

Xyleme Dimushyl buizm Wos xylne (zylol) Flammable liquid UNI3J
Xylol

Solvaw mul"e Was comtbustble liquid. NOS Combustible liquid N&M
Was funable liquid NOS Flammable liquid ULW3

fte ftakbli

2.4-1 Aim -som Wowt 2.4.dichlaropbetwxymadc scid ORM.A 14A2765
Brush Killer Waste 2.4-ich mzopowoyac, mi et ORM-E UA7"
Brush.Rhap, Wast phmnoxy pesticide, liquid. NOS Flanuable liquid INM

Ctep Rider

DMA 4
Deamim

Ded.Waeds

Ubtezol
Emulsamie BIC mid 3
Etweet DT mid 171

Panmnie D
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Table 35 (Coat'd)

waste Fit ..ptiou

Proceu/iojeradom Materials w"e DOT Razoud class NlaId.

Rhoda
Salvo
Supmr-D Wesdoune

Visko-Rhap
Woed TOR

We@&Rhm
Weedr
Wesdons
Weedmul

.3-T BnhshRhmp Wast 2.0- ciwuhuo Ae ORM-A RA42M
Dacana acid
Dod-Weedon Warne 2.4.4icim lax d ORM-S NAMW
ELUMu acdd (uNim "ff. or ak)
Formco Famne Ridr Waste phaisay prndcide. liquid. NO$ Flnuim ia quid UIMM
Fo-
hvam 245
Una Rid.
Super D Wedns
Toemoal
Traimla.w

Ye.,m 245
Wese.
Weedons

Sllvu 2.4-1 Wow 24.Sbldiolaoopsuuay) - ORMA-A NAMTE

AquaVex Warne 2-44-idhl s m) ORM-B NA278
Do"bl Sarusgi Puolnlo mcid eam
ftuirns T Waste phuoxzy pudode, liqUi NW$ Flmmebl liqui UN276
Kwm
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Table 3S (Cont'd)

Waste Ducription

P. ocem/operadoo Materials used DOT Hauard claws NVj.o
shipping nme

Orpomliorlae Peicides:

Aldrin HHD#4 Waste aidrin Poison B NA2761

Alii Waste alikin misaim. dry (with momn Poison a NA2761
Aidrosol Omi 651b aidrin)
Akox Waste aidrin miam. liquid (with ORM.A KAM76
Dftmw or leas aidri)
OctAMI.. Waste a"ri ix=*a. liquid (wit Poison B MAZY62
Sedrin liquid momn dim 60% aldrm)

Wasts aldrin miami.. liquid (ith ORM.A NAZ762
6096 or Is"s aldrin)
Waste orgutobwoin par!ds liqued. ?iOSFlammabhe liquid UNM76

Clordin Del Wait chiordam. liquid Flaunable liquid NAM7

chwuki Waste dilordam. liquid Combustible liquid NAZ2

Gold Cute C.100

Vii 1061
To~icor 20

Ori.4Umr
Syndhor

DDT Do"el Waste DIYT ORM-A NAZI61
Didimm
Digum Waits oqutoddodne pamiid.. kud4 Flnmabis liquid ULNM
Goudfo NOS
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Table 35 (Cont'd)

Waste Damcrptlom

proeeuoporatloo Materials used DOT Hazad class Nh
shipping mass

DDT (Cont'd) PuutAchioin
Ruksan

Dichictopropern 13dchorpromer Wasne dichiaopasa Flumable liquid ULW
Teon 11 Sail Fumigant

Diskitin Dieldw Waste disldrn ORM-A NAZISl

Ocsk Waste orgaiohloins posticida. liqid. FlaUnabia Uquid UNM~
Pawnon D-31 NO0S

Endriti Eniksz Was Endrin Poison a NA2761
HazSINI Waste Endrin miam liquid Poism~ B NA2761

Waste orgutochlolzs pstcde. liquid. Flununable liquid UM
NOS

Endosulfan limt Waste Ladoslfut Palmnu B 1(2761
Mhipusp Waine EAdosuiff mlzx% liquid Pobso 3 NAZIS6
Criffitaffi Waste oqutohidn psticide. liquid. Flumuabla liquid LN
CYadM NOS
Ernd
Ensr
FMC 5462
Hild
Hoe 2671
maua
Thifcr
Thmma-

Thea-
Thodw

Hapsadth CkoM Cim H40. Waste Hepsahior ORM-9 KAVSI6
Ddt H-34 Waste orgmwhAmna posticih liquid Fluuunbl liquid 1U0M
Hipsavi NOS
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Table 3S (Cont'd)

Waut Deincrptloin

procipu/operadom Material ued DOT Hazard class NaINwf
shippiDg Dam

KepnaE~ganaWais Capone ORM-4E NAZ761
FofnWaste aeganocldowine pualiida. liquid. Flammuable liquid LNM6

NOS

Lindn Galloguina Waste Lindlan ORM-A KAMI6
Oampha Wast rn achlosne pesticida. iquid. NOS
Gainmal Flarnible liquid UN'W

Uwdor

Lincdapain
Lindagnmox

Slkvatolr

Med'ozychlat Flo Pro MeSeed Prouctut WaS MWlmayddix 0KM-E NA2761
Mariam Waste organchlorinh pesicaide. aWKd Poison B LUhZ761

NOS
Waste ougwmddul peedolds k"qid Poison B 1*06
NOS
wowt agmuddadn psauda& liqud. Flminable liquid MM76
NOS

Piopyim Diddadda 1.24ichddaepoprns Waste piropylene
dichioul Fimbi liquid UN129

To, I' Anse 4.2. 4.4. 6. 6.3. 8 Wass. uupiisM-A NAZT6I
CIF, M .1, Waste orgw'ohlouln puoscde. iqud. FlUnmnali quid 1*062

Maw.- NOS

Phumawn
Swobmn T-90
Touakil
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Table 35 (Cont'd)

Waste Demcwlpton

Proceu/operalom Materials wued DOT Hazard class Nwnmw
shipping mn

Other Pesticides:

Thirui TMTD Wamishrun ORM-A NAM77
AAgack Waste flnunable liquid. poisonus. NOS5 FLnnwble liquid UN1992

Aus
Everaueid T Seed Proscum
Fornide 350

Flo Pro T Seed Prosewu
Hexed&i

Nomeses
Pomusolfmta
PobimvuUwa
SposumF

Tevaom
Thinoc
Thmask

Thirmed
Thiwmlin

Tifunew

Tripunel
Th-f

TwAide I

Wufutn Co.Rax Hazwdmu wut solid. NOS ORM.11 NVIN

Kypwi HwAzvdem waste liquid. NOS6 01141 Nam
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Table 35S (Cont'd)

Waists Description

procei/opradion Materials used DOT Hazard claws Nula
shipping mame

RAX woan flamumable liquid. NOS Fleaniable liquid UN1993
Rodex
Rodex lsa Wasi combusible liquid. NOS Combutible liquid NA1993
Ton Hid

PCP Was.F p whomplonvl ORM-E NA3W

POIChial Wosw flammable liquid. NOS Flammnable liquid LN1993

Penwa Wasna combustble liquid. NO0S Comnbusible liquid NM993

Sartiphim

P14CB Hazwdeus wasts. solid ORI.4S NA989
Avicol
Boardes Hazadous wasts, liquid ORM-E NMA9
Bramiloll
Eadicide Worn fliuible liquid NOS Flammable liquid UN993

Kobu Waste combustible liquid. NO0S Combustible liquid NA9W3

Sauiclo 30

Hexachluobui
Pvbl anim Hoawow worn. solid ORM-E N4A91O

Cal CA. Husaidow wase. liquid 01*5E NA913P

14o Du Wowt flimmabl liquid. NO0S Flamm"bl liquid IJ41W3
DOCID Wown ombuble iquid N4OS Combustible iqui KAIW3

1.2.Dlb1mmo
3Onlwoprnum Nuado' Kawius wonte solid. NOS ORM.! NPGIO

Nosnama Haudw wwa. iud 1 40 O M-E N.A9189
Namat Wown flanunable iquid 1406 Flammable liquid LN993

KNeirmcids Warn combustible iquid. NO0S Comustible liquid KAMU
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Table 36

Ingredients Conta~ned in Propellants, Explosives, and Pyrotechnics

Compound Type

2. 4. 6-Trinitrotoluene (TNT) EXO
Cyclotrimethylenetriniimine (RDX) EX
Pentacryciiritol Tcranicatc (PET,%) EX
2. 4, 6-Trinitrophenylmethylniuamine (Tetryl) EX
Ammonium Picratc (Explosive D) EX
Cyclotetrarnethylenetezranitraminc (HMX) EX
2, 4-Dinitrotoluene (DNT) PP
Nitroglycerin (NG) PIP
Nitroguanidine (NQ) pp
Dibutyl phthalate p
Diethyl phthalate Pp
Diphenylamnine PP
Benzene EX
Toluene EX
Sodium Nitrate .py
Barium Nitrate Py
Magnesium Nitrate py
Strontium Peroxide py
Strontium Oxalate py
Calcium Resinate py

OEX - explosives; PP y pplants; PY *pyrotechnics.

Table 37

Commron Elemnents Found In PEP and OPl Soil Residue

Element 05 OD
% of samples greater than EP toxic limits

Suwotium
Cadmium 2.5 1.3
Arsenic 0.3 0.0
Antimony
Lead 6.0 0.7
Mercury 0.6 0.0
Barium

*Sauro: D.W. Laytoteu al. p29.
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11 WASTE MINIMIZATION FOR MISCELLANEOUS WASTES

Polychlorinated liphenyls (PCII)

PCBs are chlorinated organic compounds with a wide range of physical properties. There are
209 possible PCBs of which tri., tetra-, penta-, and hexachloro biphenyls are the most important. They
were commonly used in coolants and insulation fluids in transformers. Some of the older products that
may contain PCBs or oils with PCBs include: heat-transfer fluids, lubricants, paints, plastics, air
conditioners. fluorescent lights, and televisions. PCBs were most widely used in capacitors and
transformers because of their low conductivity and thermal stability.

In several cases of poisoning in Japan and Taiwan. PCBs and their secondary products such as
polychlorinated dibenzofurans were found to be the major contaminants in bran oil used to cook rice.
.ince then, PCis have been linked to severe health problems (e.g.. gastric disorders, skin lesions.
swollen limbs, cancers. tumors, eye problems. liver disorders, menstrual irregularities, etc.) and birth
defects (e.g.. reproductive failures, mutations. etc.). Compo'nding the problem of p"s' toxicity is
their bioaccumulation in cells and fatly tissues of micro-organisms and animals, which are wen
cons "med by other animals higher in the food chain.

PCBs are regulated by the Toxic Substances Control Act (TSCA) passed in 1976. Manufacture
of PCBs was banned under TSCA and deadlines were provided for removing capacitors and trans-
foners containing PCBs. One year was allowed for storage before disposal. If regulatory agencies
determine that the use of PCI transformers poses no risk. the use will be allowed to continue. AU/capacitors were to have been removed by October 1988. and transformers of certain size in or near
commercial budilins should be removed by October 1990.

If the concentraion of PCls in a product Is greater than 50 pans per miion (ppm), the product
is regulated as hazardous under TSCA. Some States have set limits that ae stricter than Federal limits
(e.g.. California. 5 ppm).

PCBs In Transormrs

In the United States, there me 150,0. askarel (nonflammable electrical fluid) tansformers, each
of which contains tbousands of pounds of PCs with a wide range of concentrations.d ' Many of
these tranformes develop leaks.

The a= formers ae generally classified as: PC transformes (grear dun 500 ppm), PCB-
contaninzed transformers (50 to 500 ppm), and Non-PCB trauformers (less than 50 ppm). PCIB
transforners must be inspected quartly for leaks; detailed records must be kep. No maintenance
work involving removA of the coil or casing is allowed. PCB-contaminated transformers must be
Inspected auually. Their requirements for maintenance and reconlkeeping ae less restrictive than
for PCB ransformem. Non-PCI transformers are exempt from regulation.

The imporuice of analyzing all transformers for PCBs must be stressed. All the transformers
on an installation must be inventoried and tested for PCIBs. If the PCI levels ar greater thun 50 ppm,
appopia actions must be taken.

PMp. Oa"mih.eM ligh Haid Pomm: Abews. PCBs. Dhxmi, Biomdilml Was," P&aWm Eoin£vimq. Vol
21 (I19, lp 45.
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PCB Wastes Management

There ame no minimization options available for PCB lastes. Recycling of PCBs is illegal.
Nevertheless. containers and oils contaminated with PCBs may be recycled if the PCBS are removed.

Federal regulations require that PCBs be destroyed in approved high-temperature incinerators.
Oils containing 50 to 500 ppm PCBs can be burned in high-efficiency boilers. Alternate technologies
capable of operating at the high incinerator efficiencies, such as the molten salt processes or
LJV/Ozonation may also be considered for "ultimate" Ureatment/disposal. In addition to incinerauo..
which is t most common, chemical dechlorination technologies have also been successful. Table 38
lists the names and addresses of incineration facilities and available chemical dechlorination services.

The most common practice at Army installations is to retain PCB tansfonners in service until
the end of their useful life or they leak. They are then replaced with non-PCB transformers. The
other possible options that may be available ame decontaminating and/or retrofilling the transformers.
Table 39 lists the names and addresses of companies that provide retrotilling services.

USACEAL's PCB Transformer System

A computer-aided. fate-decision analysis tool was developed at USACERL to help users make
decisions about transformers containing PCB levels greater than 50 ppm. The computer model is
available to Army users through the Environmental Technical Information System (ETIS) on the
mainfiramne computer at USACERL A PC-based model is also available.'

The model provides users with information about PCBs and appopriate regulations, and allows
them to Input information for risk assessment. fate-decision analysis, and life cycle cost analysis. The
options considered in the rial economic analysis are: retaining. retrofilhing, decontaminating, and
replacing tranisformers.

Onuite MobSil Treatment Units

Mobile incineration and chemical dechlorination units can decontaminate hoduating oils flun
tranisformers. One dechlorination process, the "PCBX" process developed by ENSR. is a self-contained
continuous-Nlow unIL It Is designed and equipped to destroy PC~s (up to 2600 ppn') from transformer
oil without moving the transformer. The operating capacity of the unit is up to 600 gallons per hour.
Exceltech. Inc., based in California. also markets mobile dechlorination units for removing PCBs from
transfonners.

Ordna

A number of hazardous ordnanc materials are used on Army lnuuaflaticon. Ingredients contained
in some of dun were listed in Table 36. Further details are available in Tedinical Manual (TM) 9-
1300-214.05 Army directives prohibit burial of ordnance materials or diunping them in waste places.
pits, wells, marses sallow saams, rivens, inland waterways, or at sea. All existing loications of
buried explosives must be identified &Wu marked accordingly. The only mau of disposal available
is destruction by burning and detoation (discussed in Chapter 10). Proper operating procedures for
disposal of discarded ordnance mateias should be developed and updated frequsendy to comply with
Federal, Siate, and local regulations.

*For bdtkmo m Beinid Dumb. or Keawda Rainbold ai USACERLE. P.O. Box 4005. ChwuiVLgn L. 61824-
4005. or id pIl~ 500USACERL (ouWI& M~iob) 500252-7122 (wid&k iliKo)
To&AuIId Muwai (TM) 9-13(0.214. MU.' &$ouives (H~mdquwfio Dqwumiw of . Army. 20 Swunibs 194).
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Contaminated Soil

Contaminated soil is generated because of leaks or spills of hazardous materials. Some effective
source reduction techniques include: installing splash guards and dry boards on equipment. preventing
tank overflow, using bellow sealed valves, installing spill basins, using seal-less pt.anps. secondary
containment, plant maintenance, and personnel training to develop good operating practices.

A number of nonthermal and thermal treatment techniques are available for decontamination of
soil.'" Nonthermal techniques include: aeration, biodegradation, carbon adsorption, chemical dechlori-
nation, solvent extraction, stabilization/fixation, and ultraviolet photolysis. Termal treatment tech-
niques include: stationary rotary-kiln incineration, mobile rotary-kiln incineration, liquid injection
incineration, fluidized bed incineration, high-temperature fluid-wall destruction, infrared incineration.
supercritical-water oxidation, plasma-arc pyrolysis, and in situ vitrification.

Empty Containers

Containers with residual hazardous materials/wastes must also be treated as hazardous wastes.
Under HSWA, if a container with hazardous residue is found in a cleanup (Superfund) site or other
landfill, the generator (Army) is liable and has to pay for part of the cost of cleanup. Even "triple
rinsed" containers could contain some residue. Scrap dealers and landfills are becoming reluctant to
accept "dean" empty 55-gal drums or other containers.

The problem of disposing of empty drums and containers can be minimized by giving careful
consideration to the kinds and sizes of containers in which materials are originally received. When
purchasing materials in bulk, the suppliers must be asked to send them in rinsable and/or recyclable
containers. A number of commercial recyclers (listed in Regional Waste Exchange bulletinsnewslet-
ters or directories) accept containers less than 30 gal., 7 Treating empty containers by triple rinsing is
a good waste minimizaton technique. However, the rinsate, if hazardous, must be properly managed.

Some of the other options to consider when procuring materials, and in the ultimate disposal of
containers, m:' renaming drums to suppliems, contracting with a drum conditioner, contracting with
a scrap dealer, and, lastly, disposal in an approved landfill.

Renwrlng Drums so Supplier:

When baying material, a puchase agMement must be established to include the option of
returning empty containers to the suppliers. Cash deposits may be required and drums should be
maintained in good conditioL All the acrlessores. such as bungs, rings, and closures, must also be
kept and remed with the dnms.

Couracrng Wfth a Reconrdow

If the suppliers do not sell chemicals in monamble drums, ask them to send materials in heavy
steel (IS to 20 gage) dnums that can be reconditioned when "empty." A typical 55-gal heavy drum
should have a 20-gauge side and 18-gauge ends. A good market exists for these drums and they can
be sent to renditioning contractors for minimal or no cos. Empty heavy drums must be rested as

'Swm and NdbMt of H.'dw Wan Trm v min D apml.
"VMm Coun qa wky erm u hmkh. p 3-2.
"MouquV E, C ¢ ,,. Fan Shim (Mhinmm Tedmical Aaubane PRogan Unihsky of MinimaL Minapol.
MN. I8).
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a valuable asset and personnel should be trained in their proper handling (icuigkeeping the bungs.
rings. etc.). Another good practice is to avoid accumulating the drum for long periods of time, thus,
preventing deterioration.

Contracdng With a Scrap Deater or Disposal in a IAndd

Scrap dealers and landfill operators usually require ctain conditions to be met before they accept
drums or other containers. Generators have to drain the drums or containers thoroughly. remove the
residues by triple rinsing. certify that they do not contain hazardous materials. remove both the ends.
crush them before transporun3 . &W~ Pay ior oisposai.

Table 38

PCB Replacement/Treatuent/DislPOsd Servies

Company Addrew

ENSCO P.O. Box 1975, Ml Dorado, AR 71730, (501) 863-7173

ENSR (Mannerly SunOhio) 1700 Gawway Blvd. SE, Crotn. OH 44707. (216) 4I52-0837

USEPA Mobile loicrw Woodbridge Ave., Rarit Delo Bldg. 10. E.dison,
KI 08837. (201) 321-6635

GSX Chemical Servime 121 Executive Center Dr.. Cp Bldg 0 100,
Columbia, SC 29221. (800) $45-1019

Rollm P.O. Box 609, Deor ftrk, 7X 77536. (7/13) 479-601

General Electric One River RoWdBidg 241IB. Stch t*md NY 12345.
(518) 385-9763

SCA Chemical Sawnce IOW L 111111 SL., 10th Ft.. C g EL 6M62, (312) 60-7200
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Table 39

PCB Transformer Retrofiling Services

Company Address

DOW Coming Corp P.O. Box 0994, Midland. MI 48686-0994, (517) 496-4000

ENSR (formerly SunOhio) 1700 Gaaeway Blvd. SE. Canton, OH 44707, (216) 452-0837

General Electric One River Rad/Bldg 2-1I1B, Schenectady, NY 12345,
(518) 385-9763

Hoyt Coporaion 251 Forge Rd., Westpor MA 02790-0217, (800) 343-9411

Reatex 1700 Gatway Blvd. SE. Cant, OH 44707, (216) 453-4677

Transformer Service Inc. 78 Regional Dr.. P.O. Box 1077, Concord, NH 03301-9990.
f603) 224-4006

Unison Transormer Services 1338 Hundred Oaks Dr., Chariott, NC 28210, (800) 544.0030

Westing1oumAndusry Serviceu 875 Gmuinee #8-MS 804, Pittsburgh, PA 15220, (800) 441-3134
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12 ECONOMIC ANALYSIS FOR HAZARDOUS WASTE MINIMIZATION

HSWA requires generators of hazardous wastes to develop a waste minimization program that
is economically practicable. Therefore. once the alternatives for minimization arc identified. thcir
economic feasibility must also be studied. A major source for funding for hazardous waste minimiza-
tion projects has been through the Defense Environmental Restoration Account (DERA). If the pay-
back from a project is expected to be I year or less. funding is also available from the Defense
Productivity Enhancing Capital Investment (PECI) program. In many instances, minimization is a cost-
effective means of conducting business. In such instances, any account may be used ta finance
minimization and benefit from the resultant savings. However. with the multiplicity of alternative
treatment technologies available to treat various hazardous waste streams, it is imperative that
installation environmental personnel use a standard methodology to evaluate hazardous waste minimi-
zation options.

In 1984, DOD initiated a Used Solvent Elimination (USE) program. In conjunction with the
USE pro3ram, USACERL developed a model for performing an economic analysis on various alterna-
tives for recycling or disposing of used solvents. Based on this earlier model, a microcomputer model
has been developed for economic analysis of minimization options. (Refer to USACERL Technical
Report N-89/XX'" for a detailed discussion of the process of economic analysis and use of the model.)
A part of the model related to nonspecific or "general" waste types is ubed to determine the life cycle
costs and comparison of alternatives for waste streams in this report. Many other publications on
economic analysis are available.

The caveat of an "economically practicable" level of waste minimization, as defined in HSWA.
is very important. It is not necessary (and is impossible in most cases) to completely eliminate
generation of wastes. An economic analysis provides a reasonable methodology for choosing between
options for waste minimization. The typical costs considered for any option are initial capital costs
and operating costs such as labor, materials, transportation, and waste disposal. Benefits achieved from
a waune minimization option (e.g., reduced liability) can also be quantified and given doliar values.

The costs ame summed to obtain fife cycle costs over the assumed economic life for each option.
Net present value (NPV) of the total life cycle costs can be calculated for each option. Comparing
the NPVs provides a basis for selecting a minimization technique. Results of detailed economic analy-
sis for the selected waste streams are provided in the sections below.

Paint Thinner Waste

Paint thinner waste is generated from cleaning painting equipment as discussed in Chapter 7.
Onsie distillation and contrct recycling/disposal were the two options examined and compared with
the current practice of purchasing fresh thinners and offsite disposal of waste thinners.

Investment costs am assumed to be incurred in the first year. A 10-year economic life and
midyear discounting at a rate of 10 percmt are assumed for all the options. The model's default
values retained for analysis Include:

* site preparation and installation. IS percent of total equipment costs.

J2. Mown. a.
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" logistics and procurement - 7 percent of installed equipment costs,

* contingencies. 10 percent of installed equipment costs,

•0 labor rate (manager) - 516.M0/h.

* labor rate (laborer) - $1l.00h,

* labor rate (laborer) - $11.01ib.

* adjustments for leave - 18 percent of total man hours.

* adjustments for fringe benefits - 36.2 percent of adjusted base labor cost.

• number of work days in a year -247,

* average maintenance - 5 percent of equipment costs,

* transportation of hazardous waste. $0.04 per pound, and,

* annual logistics and procurement - 1.6 percent of other Operation and Maintenance (O&M)
Costs.

Some of the other assumptions made in this economic analysis ae given below.

a An anual escalation of 4 percent was applied to raw materials and replacement
materials, maintenance &A repair. other materials ud supplies, and utilities.

9 An escalation rme of S to 10 perce was assumed for disposal costs.

* Usbiilty coons were assumed as folows: onsite distillation and reuse, $0.03/gal;
offshe disposal $0.08/ga and mcnu recycle, S0.011gaL

* In the recycling process. It is asumed that 20 percent of the material Is replaced
with new material in each cycle. Tean pecent of the material evaporates and 10
percent is disposed of with msidue. Residue and thinner make up 20 percent of
the original volume for disposal purposes.

* Repair and maintance costs ae annual costs at 5.75 peaent of the original cost
of the equipment md am based on 2080 hours of use per )ear. If the equipment
is used less, the costs are adjuste.

* Laboratory analysis corns am estimated as & percentage of labor costs. However,
the minimum laboratory cost per sample may be substantially higher than the
computed value for wastes genraed in small volumes. A minimum of $50.00 is

-asumaL

STransportation and warehosing corn depend on the volume of waste handled.

* The disposal cost of thnn waste Is $1.00/gl (1989 price by DRMO).
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9 Purchase cost of new paint thinner is $4.16/gal (General Services Admuinistraton
(GSA] Schedule).

* Distillation stills are available with and Without vacuum attachments. II the boiling
*point of the solvent is below 300 or 350 IF. a still without a vacuum attachinent

is considered. For recovery of solvents with boiling points between 300 and
500 IF, a vacuum attachment is necessary. Most of the dope lacquer thinners (NSN
8010400-160-5787) have a boiling point of less than 300 IF.

*The GSA price for a S-gal container of paint thinner is $3.65/gal. If available in
a 55-gal drum. the price could be even lower. For this analysis. $3.65/gal is
assumed.

*Labor costs for loading and unloading the still. especially for 5-gal or 15-gal sizes,
will be less tha 2 hours (default value in the model). The labor requirment for
operating a !5-gal still is reported by the manufacturers to be about 1/4 to It2 hour
per batch.

*Utility costs (electricity and water) for still operation can be determined ftm the
power input to the still and the rate of cooling water used. 11w cost of power per
gallon of solvent distilled is estimated at $0.06 to $0.12.

*Eighy percent of the cost ofthe initialpurchase ofraw materials is included in
the initial equipment cost. 7Ue remaining 20 percent is included a an annual
O&M Cost.

With the above assumptions. net pme nt assumptions. net present values (NPVs) of the total 10-
year costs were calculated for each of th. following management options: (1) offsite disposal and
purchase of firesh thinner (satus quo); (2) contract, dosed-loop recycling; (3) onsite distillation with
a 5-gal still; and (4) onsite distillation with a 15-gal still. Calculations were based on generation rate
ranging between 100 gal/yr and 1000 SO./ ir. Mhe results of this analysis wre presented in Figure 5.

No investment costs are associamed with options I and 2. Equipment manufauer such as
Finish Engineering. Recyclene. and Progressive Recovery, Inc., were contacted for the price of
distillation equipment. The price of one manufacturer was competitive with the price of similar
equipment of another manufactre (Table 40). Since Finish Eingineering currntly has a GSA contract,
the corrsponding GSA prices for stills were used. For the repened generation rute (870 gal/yr),
purchase and use of a S-gal still (Option 3) represe-Nt the least cost management option for minimizing
paint thinr waste adi is expected to remain cost effective throughout the generation rnge atuicipated
for FOOM.

The cowstseociaed with echb of dhe four management optionm are provided in Table 41.
Variable labor requirements associated with different capacity distillaion equipment =r presented in
Table 42. Purchase and Installation of a 5-gal still to recycle palmt -1h1 -er waste onsite is
recommended. The estimated Investmers cost for implementing; this option, which Includes the price
of the equipmn and an initial purchase of fresh thinner, is $6021. Anual operat cown for this
option ame expected to be approhimately $1970. Compared to the - rre- operating practice. use of
a S-gal still provides a savings to investment ratio (SIR) of 2.50 and diaouad payback period (DPP)
of 5.32 yea..
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Cleaning Solvent Waste

Cleaning solvents such as petroleum distillates (PD680-1), petroleum naptha. varsol, etc., are used
in parts cleaning operations as discussed in Chapter 5. An economic analysis was performed to
compare the current practice of periodically purchasing fresh solvent and offsite disposal of waste with
recycling solvent by onsite ditillation and offsite recycling by contract.

Investment costs are assumed to be incurred in the first year. A 10-year economic life and
midyear discounting at a rate of 10 percent is assumed for all the options. The model's 12 default
values (listed under paint thinner waste) were retained for this analysis.

Some of the other major assumptions applied in the calculations arm listed below.

* An annual escalation rate of 4 percent was applied to raw materials and replacement
materials, maintenance and repair, other materials and supplies, utilities, and liability.

" Escalation rates of 8 and 6 percent were used for disposal and contractual costs.
respectively.

" The liability costs were assumed as folows: onsite distillation and reuse, $0.03/gal;
offsite disposal/sale, $0.03/gal; and contract recycling. $0.01/gal.

" Twenty percent of the solvents are assumed to evaporate because of open lids and other
poor operating practices.

* The volume of the still bottoms is assumed to be 10 percent of the original volume.

* Fresh solvent is expected to be 30 percent of the original volume.

* Repair and maintenance costs are calculated as 5.75 percent of the original cost of
the equipment (in dollars per year) and are based on 2080 hours of operation. If
the equipment is used less, the costs are adjusted.

" Laboratory analysis costs are assumed to be a minimum of S50.00.

" Traonsportatio and warehousing costs are based on the volume of wastes generated.

" Cost of cooling war is $0.70/1000 gal.

* Cost of electricity Is $0.05/kWh,

" The used cleaning solvent (assumed nonhazanlous) disposal cost Is $1.65/gal.

" The still bmam- (assumed hazardous) disposal cost is 55.30/gal.

" Cost of new solvent (NSN 6850.00-285-8011) is $1.60/pL

* A vacuum attachment is used If the boiling point of the solvent Is above 325 or 350

.4
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* Labor cost for loading and unloading the stil will be less than 2 hours (default
value in the model). According to manufacturers, loading and unloading a 55-gal
still varies from 1/4 to 1/2 hours per batch.

" Utility costs are often provided by still manufacturers based on their
estimates of machine performance. Typical utility costs range from $0.06
to $4. Uigai of boiven, disiLlced.

" The still prices on the GSA schedule (by Finish Engineering. Table 40) were used
in the analysis. Shipping costs for equipment are not included in the price.

" Seventy percent of the initial cost of raw materials is included in the investment
cost. The remaining 3C percent is included in the annual O&M costs.

" The same amount of waste generated is assumed for owned equipment and disposal
and contract recycling.

With the above assumptions, net present values (NPVs) of total 10-year costs were calculated for
each of the following management options: (1) purchase of fresh solvent and offsite disposal of
generated wastes (status quo); (2) contract, closed-loop recycling with owned equipment (OE); (3)
contract, closed-loop recycling with leased equipment (LE); (4) onsite distriliaton with a 15-gal still;
and (5) onslte distillation with a 55-gal still. Calculations were based on generation rates ranging
between 1000 gal/yr and 5000 ga'.'1y. The results of this analysis am presented in Figure 6.

There ae no investment costs associated with options I and 2. A one-time installation charge
of $154 is associated with option 3 and considered an investment. The investment costs required for
the two onsite distillation options vary with still capacity and the cost of fresh solvent. The cons for
each of the five management options ar presented in Table 43. Variable labor requirements associated
with different capacity distillation equipment ae presented in Table 44. Options 2 and 3 are cost
effective at a generation rate of 1000 gal/yr. Option 3 (LE) is the least cost management option
throughout the generation range examined in this analysis and recommended for implementation on
FGGM. Option 4 is the most costly management option beyond a generation rate of 2200 gal/yr and
requires the purchase of a second still to accomodate larger waste volumes. Beyond generation rates
of 5000 gal/yr, distillation with a 55-gal still (Option 5) is the least cost management option.

The use of cleaning solvent at Fort heade is estimated to be about 3000 gal/yr. Most of it is
lost because of evaporation. Therefore, the reported waste generation is low. At the above rate,
contract recycling with leased equipment is the best alternative. The present value of the 10-year
operating expenses is estimated at $61,702. The annual operating cost is approximately $6170.

A typical conuact recycling firm is Safety-Kleen (on GSA schedule through June 1991). They
offer two types of contracts. With the second type of contract only the solvent, equivalent to PD680-
II. is supplied and recycled by the vendor. The user is responsible for the purcalue and maintenance
of equipment (i.e.. solvent dip tanks).

Used Oil

Approximately 35,000 gal/yr of used oil, primarily engine lubricating oil, are generated on
FGM. Lubricating oil is drained from wheeled and tracked vehicles by the traditional drip-pan
method and collected In 55-gal drums or larger storage tanks. Some of the contaminants found in
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used oil am trash/rags. solvents, hydraulic fluids, and wear metals. Oil is normally changed from
vehicles based on the AOAP tes,.

A source reduction method for minimizing waste oil generation is a change in the process of
draining the oil. A FLOC system can be implemented to replace the gravity-drain (drip-pan) method.
A discription of the technique is provided in Chapter 5. Adapters have to be purchased for all the
different types of Army vehicles. The major savings is in the labor costs. The amount of extraneous
contaminants in the used oil is considerably reduced if the procedure is implemented.

A comparison of the life cycle (10-year) costs for the two techniques was performed for fleets

ranging from 50 to 5000 vehicles. Some of the assumptions made were:

" The average crankcase oil per vehicle is 3.25 gal.

" The average number of oil changes per year is 2.

" Liability due to spills, including labor costs for cleanup, is $177 for the gravity drain system.

" The time required for an oil change using the gravity drain system is 15 minutes.

" The time required for an oil change using the FLOC system is 4.5 minutes.

" A labor time of 0.7 hours Is assumed for removal of an accumulation of up to 50 gal in a
55-gal drum.

* The cost of a smail FLOC unit is $2260 (site preparation. etc. $1530 and personnel training
= $1235). Costs of larger units vary with size.

" The system is used 260 working days per year.

* The utility cost for each FLOC unit is S75/yrAfit.

" Costs do not escalate.

" Repair and maintenance is 50(YZAIL

" One FLOC unit can handle approximately 35 to 40 vehicles per day. If mor than 10,000
oil changes am conducted anmually, two or more units will be required.

Table 45 lists die Sit and DPP for numbers of vehicles ranging from 100 to 5000. The SIt
is 0.39 (not economical) in almost every case and the DPP is greater than the assumed economic life
of 10 year Varying de number of oil changes from 2 to 6 per year, a compaison can be made of
the SIR and DPP, a siown in Table 46 for 1000 vehicles. Only when more than six oil changes per
year, per vehicle an conducted does the FLOC system become cost-effective and a payback of less
than 10 years is acdeved.

Other options analyzed for management of used oil Include: (1) no segregation and burning in
the existing boilers (status quo): (2) sepegate solvents and other contaminants from oils and bum the
oils in an existing facility (no additional investment) (3) offsthe disposal (burning in an industrial
boiler), and (4) blend and bur with minimal processing (with additional investnent). Hazanlous oil,
when burned in a boiler without permits is subjec to fines. Operating without a permit or violating
a permit will cause the facility to be dut down by the regulating agency.
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The major assumptions made in the analysis were:

" Nonsegregated oil may be considered hazardous dependinj on the concentration of halogens
and heavy metals.

" The cost of oil is $3.25/gal.

* Processing time is 40 h/1000 gal for options I and 4, and 60 h/1000 gal for option 2.

" Transport cost is the same for all options within the installation.

" Sampling and testing costs ($21.00) am assumed to be the same for all options.

" Liability costs are $0.002/gal for options 1, 2. and 4, and $0.008/gal for option 3.

" Fuel to oil ratio is assumed to be 10 to 1. At Fort Meade it is between 14 and 16 to I
during the normal operating period of 6 to 7 months.

" The disposal cost of filters, residues, etc. is $25/100 gal for options 1, 2, and 4, and $0.35/gal

(Chemical Waste Management Price) for option 3.

" Transportation cost from Fort Meade to an industrial boiler (in Ohio) is $S500/1000 gal.

" Escalation of raw materials, repair and maintenance, and liability costs is assumed to be 4
percent. Disposal costs are escalated by 6 percent and the transport cost for option 3 is
escalated by 4 percent.

" Repair and maintenance for options I and 2 is assumed to be I percent of investment costs
in option 4.

" Labor requirement for disposal of 1000 gal is assumed to be 8 how for laborers and I hour
for managers.

" When the oil volume exceeds 25,000 gal. two boilers wil be necessary for burning
thmughout the year.

Figure 7 shows the comparison between the NPVs of the life cycle (10-yr) costs for the four
used oil management options analyzed. From a economical perspective, the current procedure (Option
1) of blending with heating fuel and burning is the least expensive. However, the poor segregation
of used oil from other wane streams at sites of generation and absence of an adequate characterization
tesing program have led to uncertainties concerning the legality of this management option. Used oil
destined for blending and burning must be continually screened for halogenated contaminates and other
hazardous compounds. The blending and burning of hazardous used oil constiues a disposal activity
for which F0GM Is not permited. The penalties associated with non-regulatory compliance far exceed
the benefits of this option as it is curunly being maaged. Simple improvements in waste stream
segregation and storae procedures and the implementation of a used oil testing program (Option 2)
would enhance the quality of this waste stream as a boiler fuel additve and alleviate the concern for
being cited as an illegal hazardous waste disposal operation. With the implementation of a
comprehensive used oil testing program and improvements in segregation and storage procedures, the
continued blending and bunting of used oil generated on I:0GM is recommended.
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Paint Thinner Waste
- Total Cost, .
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Filur S. Comparison of net present values for paint thinner waste

minimization options. OMfite disposal defines the status quo.
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Table 40

Purchase Cost of Distillation Stills 1:.. 1989 dollars) .-

Price (S)

Manufacturer Model Capacity o VACUUM vacuum
(gal) attachment attachment

Firish Engineering LS-Ir 5 2770 4339
LS.ISU1D 15 10.128 13.361
LS-5511D 55 20,123 24,W09

Recyc!,:ne R-2 5 2995
RS-20 20-25 11.900

Progressive Recovery. Inc. SC-25 15 7290 !2,865
SC-50 35 11300 16,895

Table 41

Comtparison of Options for Minlimization of Paint Thinner Waste

Optiow Na:.oe PV1' nveset Costs P1' O&M costs SIR DPP
$ /h0 years (Wlyear) (years)

Offsate disposal (MMtu quo) 0 34.703 (3470)

Contract closed-loop recycle 0 39=22 (3923)-

S-ph Soil 6.021 19.639 (1964) 2.50 5.32

15.gal stu 14.233 15.255 (1526)1.7A
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Table 42

Variable Labor Requirements Associated With the Use of
Distillation Equipment for the Minimization of Paint

Thinner Waste (870 gal/yr)

Still Capacity No. Batches Labor hrs Total Labor
(gallons) per year per batch hrs per year

5 174 0.50 87
15 58 0.75 4

Table 43

Compison of Options for Minimization of Solvent Waste at the
Actual Generation r ate Revorted for FGGM (3000 pl/yr)

Option Name PV Investment Coss PV 0 & M Costs- SIR DPP
$ $/10 years (Syear) (years)

Off~tw Dl l (mm quo) 0 72.522 (7.252)
Camna Rcycle (OM) 0 68,560 (6,856)
Cons Recycle (LE) 154 61.702 (6.170) 70.26 1.16
(2) 13Se2 DL4lla. Ubis 34.567 46.834 (4.683) 0.74 :10
35.flalom DbldJIam Us 3477 42.493 (4.249) 0.86 >10

Table 44

Variable Labor Requirements Assodated With the Us of Distillation
Equipment lbr the Mlnmization of Solvent Waste (3000 pl/yr)

SOl Capadty No. Batches Labor hrs Tota Labor
(111m) per year per batch hrs per year

IS 200 0.75 150
55 55 1.00 55
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Table 4S

SIRs and DPPs From a Comparison of the Costs
of Gravity Drain With FLOCS

Number
of vehicles SIR DPP

100 0.38 > 10
250 0.39 > 10
500 0.39 > 10

1000 0.39 > 10
5000 0.39 > 10

Table 46

SIRs and DPPs From a Comparison of the Costs
of Gravity Drain With FLOCS for 1000 Vehides

Number of
Oil Changes SIR DPP

2 0.39 > 10
4 0.79 > 10
5 0.98 > 10
6 1.17 9.99

-,D
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Cleaning Solvent Waste
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Figure 6. Compmuaon of net present values for dumning solvent wate ndnimizaton options.
Offshe dispwal defines the sum quo.
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Used OilI
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13 SUMMARY AND RECOMMENDATIONS

Summary

All Army installations that are generators or small quantity generators (according to RCRA
definitions) are required to implement programs to reduce hazardous waste generation. Waste mini-
mization is a method of preventing pollution with the primary focus on reducing waste generation.
A number of benefits are accrued by implementing a waste minimization program. The benefits can
be classified into the following four categories: economic, regulatory compliance, reduced liability.
and positive public image/community relations.

Minimization of a particular waste can best be achieved by an appropriate combination of source
reduction, recycling onsitc/offsite. and treatment techniques. Source reduction is on the top of
USEPA's heirarchy of waste maragement priorities. It is followed by recycling, waste separation and
concentration, waste exchange, energy/material recovery, waste incineration/treatment, and, finally.
ultimate disposal. A number of waste mininsization techniques have been discussed in this report
pertaining to wastes generated from: motor pools/vehicle maintenance facilities, aviation maintenance
facilities; industrial maintenance, small arms shops; paint shops; printing, photography, arts/crafts shops;
hospitals. clinics, and laboratories; and other miscellaneous sources on an Army installation.

Analysis of annual waste disposal data (Table 16) for Fort Meade. obtained from DRMS. indi-
cates that DOL shops generate the largest amount (14,146 lb/yr), followed by DEji shops (2661 lb/yr).
hospitals. clinics, and laboratories (2340 lb/yr). other motor pools (1738 lb/yr), and other sources
(1541 lb/yr). This analysis does not include PCB transformer wastes. Paint-related materials (9317
lb/yr) and paint thinner waste (6529 lb/yr) are generated in the largest quantities. Spent nonhalogenated
cleaning solvents and spent acids and bases are the other two wastes turned in for disposal. Lead-
acid batteries, although generated in large quantities, are all recycled. Used oil (that may be a
hazardous waste) generated at a rate of 35,000 gal/yr is curently being burned in a boiler plant.

Paint thinner, cleaning solvent, and used oil were considered for detailed technical and economic
evaluation. The options examined include current practices (offsite disposal, burning. etc.), onsite
distillation, contract recycling, and segregation/processing. Most of the other wastes can be minimized
by implementing simple sou=e reduction techniques, and/or elementary reatment (neutralization for
acids and bane from laboratories).

Recommendations

A program to train military and civilian employees to handle hazardous material and manage
and dispose of hazardous wastes must be implemented to ensure compliance with 40 CFR 264.16.10
A qualified envimnental nglneer in the EECO should direct the program. EECO personnel must
conduct monthly ipections. minimization audits, and periodic training classes in recognition, handling,
and storage of hazardous materials and wates.

A waste analysis prgmn to characteize and define all (air. water, liquid, and solid) wastes
from all the guierators should be developed to ensure compliance with Federal and Swe of Maryland
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laws. Comprehensive inventories of hazardous materials used and wastes generated must be updated
periodically to reflect changes and disbanding of certain activities.

An HM and HW tracking (manifest) system should be implemented. Tracking HM from the
supply warehouse to users and tracking HW from the generators to final storage before disposal, wid
provide a mass balance and improve minimization opportnaiti,.

Implementation of the HAZMIN plan (Appendix A) must begin immediately; the plan should
be updated annually.

Plan Implementation

Careful planning and a systematic approach are required to implement a successful waste
minimization program. Three key elements (policy, omnitment. and responsibility) are necessary
for a strong program foundation.

The Commander must prepare a formal, written policy on waste minimization and pollution
control, including its philosophy, objectives, and proper practices. Such a policy must be publicized
in the installation newsletters and distributed to all military and civilian employees. An example of
a policy state.ent is provided in Appendix D.

The installation command heirarchy and the commanders of tenant activities must adopt and
support the policy statement. They should also willingly commit resources necessary to launch and
support the waste minimization program.

A leader (such as the Chief, EECO) should be appointed to oversee, direct, and assume all
responsibility for the program. Supervisors and other employees of waste generating activities must
be committed to the program for It to be effective. To encourage such a commitment, the
Commanders aid supervisors must Implement motivational techniques. They must set goals for
achieving warteinla reduction ad provide incentives and awards for implementation of waste
minimization ideas.

All waste generators must Immediately implement HAZMWI options that require little or no
capital investment (e.g.. procedural or administrative changes) as discussed in Chapters 5 through 11.
These options am generally characterized as "better operating pratices," a subcategory of source
reduction that does not require detailed technical and economic evaluation. Better operating practices
are methods tha achieve source reduction by:'" (I) segregation (e.g., eliminate mixing hazardous
and nonhazardous wastes to Improve their recyclability); (2) improved material handling and inventory
practices (e.g., avoid accumulation of expired shelf-life materials, avoid spills, etc.); (3) preventive
maintenance (e.S., puevem leaks aid spills); (4) production scheduling (e.g., minimize quantities of
unused raw ma/rals and batch-genertecl wastes); and (5) minor operational changes. Implementation
of "better operft practices* uually requires only minimal employee training and change to sanding
operatingpmcedu ucc (SOPS).

The curret practice of recycling lead-acid batteries must be continued. Burning of used oil
may be continued only after implemerstaon of proper segregation practices and periodic testing md
laboratory analyses. The feasible options, discussed in Chapter 12, for minimization of cleaning
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solvent waste, paint thinner waste, and waste oil must be funded and implemented. For cleaning
solvents, a change in management practice to utilize the services offered by a commercial recycler is
recommended. With an initial investment of $154 for equipment installation ani at an estimated annual
operating cost of $6.170, the predicted payback period for this option woulu be 1.16 years. For paint
thinner waste, it is recommended that a small 5-gal distillation still be purchased at a total investment
cost of S6021 and an annual operating cost of $1970. The estimated payback period is expected to
be 5 years.

The Fort Meade Hazardous Waste Management Board. chaired by the Commander. m;ust adopt
te HA2MIN plan and esablish policies and procedures required for its implemematon. TI expected
implementation date is 30 September 1990.

After implementing HAZMIN techniques at the generating activities, progress must be monitored
and results recorded. The quantities of wastes generated before and after implementation must be
monitored and the achievements in waste minimization (e.g., percent minimized) documented.

A waste minimization program never ends. Preventing waste generation and thereby reducing
the pollution of air, land, and water, must be a continuous quesL The goal of such a program must
be to reduce wastes to the maximum extent possible. All waste generating processes must be
coninuously assessed and reassessed to account for changes in economic stats (e.g., increase in
disposal costs), changes in design of production processes, maintenance procedures, and/or
technical/tecuhnological breakthroughs.

%2&k CAevetniem Table

tini. a 25.4mm
I ft, OM0in

I pi a 6.89kP
tib a 0.453 kg

Scuft - 0.028,W
It I 1.61 km

tsqf I 0.093. '
I M a 1xl0'm

Igal a 3.78 L
'IF (IC + 17.78) x 1.8
"C - 0.55('F-32)

I yd = 0.9144 m
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APPENDIX A:

FORT MEADE HAZMIN PLAN

1. PURPOSE The purpose of the Fort Meade Installation Hazardous Waste Minimization
(HAZMIN) plan is to rovide a specific plan of action to reduce the quantities
and toxicities of hazardous wastes (HW) generated within the installation
boundaries.

2. SCOPE The scope of the plan extends to al! the HW regulated under the Resource
Conservation and Recovery Act (RA). the Hazardous and Solid Wastes
Ammendments (HSWA), and Subutle 13 (Disposal of Controlled Hazardous
Substances) of the Code of Maryland (COMAR) Regulations.

3. BACKGROUND

4. GOALS

4.1 Department of Any (DA) HAZMIN Goals

Percent HW Reduction
Process. Oeration. or Condition Desired by 1992

Cleaning/degreasing 40

Transportation vehicle maintainance 30

Fueling operations 30

Battery shop operations 50

painting 50

Sand blasting 60

Metalwoddng is

Graphic Arts 40

Electical masnenan 60

Waste Ue u me sludges 60
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Percent HW reduction for any calender year (CY) =

(Baseline Year HW Generation - CY HW Generation) * 100
Baseline Year HW Generation

4.2 Fort Meade HAZMIN Goals

Same as DA HAZMIN goals.

5. PROGRAM MANAGEMENT

5.1 Fort Meade will manage the HAZMIN program according to AR 200-1 and AR 420-47. The
installation's Hazardous Waste Management Board (HWMB) shall review and adopt this plan.
and establish other policies and procedures for implementation. The HWMB is to be chaired
by the Garrison Commander and consists of the following members:

Commander
Civilian Executive Assistant
Director of Logistics
Director of Engineering and Housing
Chief, Energy and Environmental Affairs Office
Chief. Defense Reutilization and Marketing Office
Safety Officer
Industrial Hygienist
Environmental Coordinators (tenant activities)
Environmental Coordinators (troop units, and generators)

5.2 The following activities are generators of hazardous waste, used oil, and miscellaneous toxic
wastes at Fort Meade:

Motor PooL%/Vehicle Maintenance Facilities
Aviation Maintenance Facilities
Industrial Maintenance, Small Arms Shops, etc.
Paint Shops
Hospitals, Clinics, and Laboratories
Photography and Printing Operations

6. TRAINING

6.1 Personnel Training

A training program will be developed by the Chief, EECO for personnel involved in handling
of hazardous material and management of hazardous wastes to ensure compliance with 40 CFR
264.16.

6-2 Training Content, Schedules, and Techniques

Personnel from HW generating activities must be given supervised on-the-job training and formal
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training courses. The formal courses must be designed similar to the program offered by the L'.S.
Army Environmental Hygiene Agency. Relrsher courses must be taught by the Environmental
Personnel from the DEH Energy and Environmcntal Otfice.

The objective of a formal (or refresher) course must be to provide each student with the
following abilities to: "

1. Recognize. identify, and classify hazardous materials.

2. Take actions necessary to prevent hazardous chemical incidents, protect personncl health.
and prevent damage to the environment,

3. Properly package, label, store, handle, and transport hazardous materials and hazardous
waste,

4. Take immediate action in response to hazardous materials spills or other emergencies. and

5. Properly manage the resources under his/her control to prevent violation of applicable laws.
regulations, and policies.

6.3 Implementation of Training Program

The Chief of the Training Division (of Directoratce of Plans. Training, Mobilization, and Security)
will direct a training program designed by the Chief of the Energy.and Environmental Office
(Directorate of Engineering and Housing). New and/or reassigned personnel wil not work in
positions dealing with hazardous materials/wastes unless they have completed the appropriate
program within 6 months of the date of employment or reassignment. All supervisors will.
annually, review the training status of their personnel.

6.4 Records

6.4.1 The personnel directorate (Fort Meade and tenant activities) will maintain records pertaining
to job experience and the training completion requirements. The records must include a
description of the type/nature of initial and continuing training each person receives.

6.4.2 Fort Meade wilt maintain records of all current personnel until closure of the tenant activity
or the entire base. Training records of past employees must be kept for at least 3 years
after the date of last employment.

7. HAZMIN ACTIONS

7.1 General Actions

7.1.1 Command Initiatives. For the HAZM[N program to be successful, the Commander and
the chain of command for all the troops and tenants must make a commimnent to all the
goals (section 2) and establish specific goals at the generator (or activity) level.

,Defenue Hazardous Matilas Handling Course (DIIM1C). U.S. Army Logisucs Mmalgemat Center (AL..NC). Fort Lee.

Virliia.
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The Inzallation Commander will develop an environmental policy statement emphasizing
pollution minimization and assign direct responsibility to all personnel as protectors of
the environment in their day-to-day work. All personnel will be notified (e.g., in the
installation newspaper) regarding the command commitmnent and goals.

Personnel incentives (such as awards, commendation, etc.) must be provided to encourage
new HAZMIN ideas and to reward implementation of successful HAZMIN projects.

7.1.2 The installation must solicit cooperation with the host community (Anne Arundel County)
for success of HAZJN projects.

7.1.3 Participation is required among appropriate personnel from: Directorate of Logistics (DOL)
- responsible for supply/procurement. transportation: Directorate of Engineering and Housing
(DEH) - responsible for interim and long term storage, compliance with federal/state
environmental laws, and pollution control guidance; and Defense Reutilization and
Marketing Office (DRMO) - responsible for proper disposal; in implementation,
programming, and budgeting HAZMIN programs.

7.1.4 A hazardous material (HM) and hazardous waste (HW) tracking (manifest) program will
be implemented at Fort Meade (including all the tenants). Tracking HM from the supply
warehouse to generators and HW from the generators to final storage before disposal, will
provide a mass balance and improve minimization opportunities.

7.1.5 HAZMIN programs will be incorporated into the agenda of Environmental (and Hazardous
Waste) Management Board Meetings. Proper coverage must be provided in the installation
newspaper to ensure wide acceptance among personnel.

7.1.6 Chief. EECO, Installation Safety Officer, and Industrial Hygienist will combine resources
to develop a training program for personnel in hazardous materials/waste handling and
emergency response (according to Section 6) which is required by law.

7.1.7 Chief. EECO, will develop a waste analysis program to characterize and define all (air.
water, liquid, and solid) waste streames from all generators to ensure compliance with
Federal and State laws.

7.1.8 DRMO and the Chief, EECO, will examine the use of waste exchange programs as a
proper recycle methodology for some of the hazardous wastes.

7.1.9 The environmental engineer will conduct monthly Inspections, minimization audits, and

periodic training classes in recognition/handling/storage of hazardous materials and wastes.

7.2 Generator Actions

7.2.1 All generators must program for disposal of hazardous wastes following the decentraization
of funding beginning in Fiscal 1990.

7.2.2 All generators will appoint environmental (hazardous waste) coordinators who would be
responsible for minimizing generation (of air emissions, water pollution, and solid wastes),
proper interim storage. and turn-in of hazardous wastes.

7.2.3 Al environmental coordinators will maintain proper records (logbooks) of materials
procured and wastes generated.
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7.2.4 All generators will include HAMIN requirements in their standard operating procedures
(SOPS).

7.3 Curmn HAZMIN Projects

7.3.1 Used Oil Brnin. Used oil is collected from all the generators and burned in a DEH
Boiler Plant (Building 268). About 35,000 gallons per year of used oil is burned in the
boiler.

Proper segregation of waste oil is required at all the generators. Chlorine detection kir
(e.g., CLOR-D-TECT"1000 and CLOR-D-T CThQ4000)' must be used to detect the
level of chlorinated solvent contamination of oil at the generators before the oil is trans-
pottl to the boiler for burning. If oil samples are found to contain chloride, a complete
laboratory analysis is required to determine the flash point and the total halogens and
heavy metals (As, Cd. Cr. Pb) content. If the halogen content is less than 1000 ppm and
the heavy metals are within specifications, the oil can be blended and burned.

Additional operation and maintenance costs for segregation and testing is expected to be
$9.100 per year.

7.3.2 Spent Lead-Acid Batteries. Lead-acid batteries (sealed and unsealed) are accumulated at
the generators (e.g.. motor pools) on pallets. These batteries, bound securely to the pallets.
are turned in to DRMO for reclamation. Since the batteries are being reclaimed, they do
not require the reporting and manifesting paperwork neo.-ssary for other hazardous wastes.

7.4 Future HAZMIN Projects

7.4.1 C ing SoL lj t - RLcycle Onsite/Offsite - Contact Recvclint. A used solvent recycling
program will be designed to collect and recycle used cleaning solvent (PD 680 -Type i)
used in moWt pool, vehicle/aviaton maintenam facilties, and all other currem and future
locaiom

From the economics of solvent use, it is detenird that closed-loop contract recycling
(e.g.. SAFETY K.EENm)" Is the most economical option for minimizing cleaning solvent
wastes.

Estimated Cost Investment - $154; Annual O&M - $6,170

Estmaed Payback Period: 1.16 years

7.4.2 Paint ThinneriResidue - Recycle Onsite/Offsie - Distillation. Tw paint shop belonging to
the Allied Trades Section (of the Directorate of Logistics) will purchase a S-gal distillation
still for recycling pow thinner wastes. The still will be shared by other thirner waste

' CLOR-D-TECT is a trami k of Oe DEXSIL Corpomm ( HsN Pit DriVe. Hmdm. CT 06517. (203) 288-3509).
CLOR-D.TECT 1000 is a mo-no-go kit for dunnamg if used ail is canuminmed vnd ddorinad savum. CLOR-D-
TEC" Q4000 is a quaviladve ot for dowmloamom of chloride (0 o 0 Mm) ian used od.

'e Safety-Kan. Inc. is a oumnuta solvrn reycilo ciaftcaor.
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genemtor. Permit requirements, if any, will be reviewed by the enviztmmental office
before the instalation and operation of the still.

Estimated Costs: Investment - $ 6021; Annual O&M - $ 1970

Estimated Payback Period: 5.32 years

8. HAZMIHN REPORTS

8.1 A summary of Fort Meade HW generation data is given in Table Al.

8.2 This plan is pan of the Hazardous Waste Minimizaaon Asessmem of Fort George G.
Meade.

9. IMPLEMENTATION

Estimated Implementation Date: September 30. 1990.

10. RESPONSIBILITIES

10.1 The dudes and responsibilities of persons directly responsible for implementing this plan and
for the success of the HAZMIN program are described in this section. The folowing personnel
will form the Fort Meade HAZMN committee, which will oversee the implementation of this
plan and keep it revised and updated in the future.

Job Title HAZMIN Activity

Chief, Environmental & Overview of the entire program; chair
Energy Control Office the committee.

Environmental Engineer Establish a hazardous materials/waste
training program; establish waste analysis
contract; establish waste inventory and
inspection program- coordinate with
Safety Officer, Fire Chief, DRMO and
all the environmental coordinators.

Safety Officer Establish a chemical inventory program;
flag and control purchase of hazardous
materials; coordinate with the environ-
mental engineer regarding maintaining
and updating inventory.

Chief, Defense Reutilization & Establish proper waste tum-in procedures;
Marketing Office waste contract management; explore

offsite reclamation and waste exchange
options.
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Chief, DEH Operations Division Inventory control of materials and wastes;
vehicle/equipment maintenance. painting
and laboratory wastes minimization; pes-
tic ides management; PCB transformer
inventory management.

Chief, DEH Fire Prevention & Develop spill contingency plan; coordinate
Protection Division with safety office: inventory flammable/

toxic materials on Fort Meade; SARA
Title III compliance.

Chief, DOL Trnsportation Division Inventory control of materials and wastes;
vehicle mainnance wastes minimization.

Chief. DOL Maintenance Division Inventory conrol of materials and wastes;
painting. paiterizing. machining, and
nuclear weapons cleaning wastes
minmization.

Chief, DOL Supply &Services Division Flag and control procurement of hazard-
ous materials& coordinate with Safety and
EECO: establish chemical use inventory
and demand history by each generator.

Chief, DPCA Aras & Chdft and Auto Inweunoy control of materials and warnes:
Crafts vehicle maintenance: wastes minimization.

Chief, DPCA Training & Audiovisual Inventory conrol of materials and wastes;
Support Center photographi and pnndtng wastes minimi- -

zation.

Environmental Engineer. Inventory hazardous materials/wastes;
National Security Agency quantify and minimize process specific

wastes, Coordinate with DEH Environ-
Mead Office.

Industrial Hygienist. Establis inventor of hazdous mare-
Kimbrough Army Community Hospital rialstwarn establish waste generator

mornoxing piopin: coordinate minimiza-
mio and proper disposal practices
(infecous, hazardous. and radioactive
wases) with enviroinental office.

Airfield Commandeir. Tipton Inventoyco" o of maeasand wastes;
Army Airfield aviation maimerw Minimization.

General Foran.ir USAR Equipment Inveniory contol of maerals and warn
Concentration Site vehicle maintenance. small arms repair,

xid -eva - ws minimiaon.
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DirectOr, USAMC Ibeligence Inventory comro of materials and wasts;
Material Activity photographic, printed circuit board fabui-

cation, plating, cleaning, and machining
wastes minimization.

Commander. 11th Engineer Company C Inventory control of materials and wastes;
vehicle maintenance wastes minimization.

BMO. 85th Medical Battalion Inventory control of materials and wastes:
vehicle maintenance wastes minimization.

Commander, 99th ASA Co.. Inventory control of maerials and wastes;
aviatio mantenae wastes mumizatL

Commander, 144th Ordnance Detachment Inventory control of materials and wastes;
vehicle maintenance, ordnance wastes
minimization.

Commander, 209th Military Police Co. Inventory control of materials and wastes;
vehicle maintenance wastes minimization.

Commander, 293rd Military Police Co. Inventory control of materials and waste
vehicle maintenance wastes minimization.

Commander, 31st Aviation Group Inventory control of materials and wastes;
aviation wastes minimization.

BMO, 902nd Military Intelligence Group Inventory control of materials and wastes;
velicle mainmmice wastes minimization.

10.2 Responsibilities of all HAZKN Committee Members (except Chief, EEO)

10.2.1 Identify and prioritize goals necessary for achieving the goals outlined in this plan.

10.2.2 Provide information on HAZMIN techniques to hazardous waste generators.

10.2.3 Organize a team to conduct annual HA2MIN assessments (or audits) to determine sources,
types, and quantities of hazardous materials used and hazardous wastes generated.

10.2.4 Report on the status of the HAZMEN program to the Chief. Energy and Envir,-imental
Office, regularly.

10.2-5 Assist the Chief, Energy and Environmental Office, in preparing an Annual HAZMIN
stats report

10.3 Responibilities of fhe Chief, Energy and Environmental Office

10.3.1 Oversee and provide resources (including technological assistance) to conduct the annual
HAWhN assessments. Report the state of the HAZMIN program to the commander.
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10.3.1 Revise and update this plan annually.

10.3.2 Prepare a HAZMIN status report when requested by HQ FORSCOM or HQ DA.

10.3.3 Program funds necessary to accomplish HAZMIN goals.

10.3.4 Chair the HAZMIN Committee.

10.3.5 Conceive. develop, and implement HAZMIN techniques consistent with this plan.

10.4 Responsibilities of Environmental Coordinators

10.4.1 Establish goals for minim'ving all forms environmental pollution (air, water, solid, and
hazardous waste).

10.4.2 Obtain mainin.g (orgaundz,, by EECO) on all the applicable environmental laws and train
all subordinate personnel.

10.4.3 Implement "better operating practices" through: inventory control (maintaining logbooks
for materials procured and pollution generated); segregation of wastes; spill and leak
preventon: and scheduling frequent preventive maintenance of equipment.

10.4.4 Examine and implement the use of substitute nonhazardous.or less hazardous materials

in place of hazardous material.

10.4.5 Examine and implement "process changes" such as: process modifications: equipment
modifications; and changes in operation settings, to reduce the quantities of pollution
generad

10.4.6 Examine and implement technologies for recycling. muse. or treaunent of wastes.
Informaion about technologies and equipment suppliers can be obtained from
envtumunl enginPrs at EECO.
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APPENDIX B:

HAZMIN PROTOCOL AND SURVEY FORMS

HAZMIN Protocol

/

1. Define curren status of waste generation and management practices.

2. Idenify and evaluate new waste minimization alternatives

3. Identify s.ppot for existing alternatives/acivities.

4. Identify areas/activities requiring further research and developmient

Awmoach

L Review information available at the installation.

II. Talk to several grups of individuals.

III. Develop a list of waste streams and rank them.

IV. Develop information on each wae sin.

V. Identify minimization options for each waste stam.

VI. Evaluate and rae options (preliminary or fim screen) for eah waste.-eam.

VII. Conduct detailed technical and economic feasibility analysis of select minimization options
for high priority was sreams.
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HAZMIN Protocol

I. Review information availeble at the installation.

The information reviewed by the survey team includes:

1. Installation policies/programs on waste minimization, if any.

2. Hazardous waste manifests, annual (and biennial) reports, and other RCRA inform-ion
since 1985.

3. State and local regulations that ae more stringent than federal regulations.

4. Environmental audit/review reports.

5. Emission inventories.

6. Permit and/or permit applications, and any regulatory violations.

7. Contracts with waste management firms.

8. Waste assays and/or tests.

9. Materials purchase order, purchase records.

10. Maps, organizational charts, list of activities associated with different buildings.

11. Production/maintenance schedules.

12. Operator data logs, batch sheets.

13. Operation manuals, process descriptions, standard operating procedures (SOPs).

14. Process flow diagrams (PFDs) and facilities layout.

15. Heat and material balances for production processes and pollution control systems.

16. Safety procedures for handling hazardous materials.

Products:

1. List of information sources.

2. Waste stream list.

3. Survey agenda or checklist detailing what is to be accomplished.

4. List of questions that need to be resolved.

5. List of information that needs to be gathered.
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HAZMLN Protocol

I. Talk to severat arouOs of individuals.

Identify appropriate individuals to interview among:

I. Environmental personnel
. who compile USEPA/State reports
. who compile DRMO reports

2. Was:e generators
- supervisors
. shop foremen and production employees

3. Hazardous waste managers
. operators of on-site treatment. storage. and disposal (TSD) facilities
- transporters of waste from generation points to TSD facilities

4. Individuals &TeSoonsible for purchasing/acquisition of hazardous materials (for possible
substitution alternatives, costs of purchase. etc.)

5. Individuals with broad HAZMIN responsibilities
. finance and accounting
. construction/renovation of facilities
. higher levels of management
. legal advisors
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HAZMIN Protocol

III. Develop a list of waste steams and rank them.

Develop a waste generation inventory based on reports, permits. and observation. Inventory
must be representative of "normal" operations.

Ranking criteria:

1. Composition

2. Quantity (volume or mass generated per year and unit of production)

3. Degree of hazard (toxicity, flamnmability. corrosivity, etc.)

4. Method and cost of disposal

5. Potential for minimization and recycling

6. Compliance status (in or out)

7. Potential liability (past spills or accidents; proximity to water)

8. Degree of acceptability of changes at the bstallation

9. Installation personnel preference for options

Products:

1. Waste description with rationale for selection

2. Description of facilities, processes, and waste streams
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HAZMIN Protol

IV. Develop infonration on e3ch waste stream.

The following information must be developed on each waste stream based on observation and
available reports:

1. Waste characterization
. chemical/physical analysis
. reason for hazardous nature

2. Waste source

3. Baseline eraion

4. Present method of TSD and associated costs

S. Past/present minimization efforts and associated costs

Some points to be reviewed in the above determination am:

* actual point of generation

• details about subsequent handling/nixing

" 'hazaldous" verus nonhazardous

* physical and chemical chancterstics

* quantities by waste reatability category

• poteal varations in the rate of production. maintenanc., etc.

" potential for conmination or upset

" true costs for management, onsite and offstte including tax, fringe, and overhead for labor.
cost of space: vehicle insurance, maintenance, fuel etc.
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HAZMIN Protocol

V. Identf minimization otions..for each waste stream.

Follow USEPA guidelines on waste minimizaion. The categories arranged in a heirarchical Orderare:

I. Source reduction
a. produc/mateial substitution
b. source control

i. input material changes (e.g., dilution, purification)
ii. technology changes (eg., process changes, layout changes, etc.)
iii. proceduralfmstiutional changes

2. Recycle/reuse
a. onsite
b. offsite

3. Waste separation and concentration

4. Waste exchange

5. Energy/material recovery

6. Waste incineration/reatment

7. Treatment

8. Ultimate disposal
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HAZMIN Protocol

VI. Evaluate and rate ptions (treliminarv or first screen) for each waste stream.

Some considerations for a preliminary evaluation and rating of minimization options for each
waste stream are:

1. Waste reduction effectiveness (i.e.. reduction of waste quantity and/or toxicity)

2. Extent of current use in the facility

3. Industrial precedent

4. Technical soundness

S. Cost (preliminary capital and operating cost evaluation)

6. Effect on product quality

7. Effect on operations

8. Implementation period

9. Resources availability and requirement
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HAZMW Protocol

VII. DeRailed technical and economic feasibility analysis of select minimization options for igh

uno nt waste smr ars.

The following aspects must be considered in the final detailed analysis:

1. Technical soundness and commercial availability

2. Evaluation of detailed life cycle costs of all the options for each waste strem

3. Detailed comparison of costs of the curent practices with alternative options to obtain
savings to investment ratios and discounted payback periods

4. Implementation period
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HAZMIIN Survey Forms

Installation Date POC__ __________
Phone______

WASTE STREAM/MATERIALS USAGE: Motar Pools and Vehicle Mlaintenance Facilities

Generator (Unit Name) Buildin DODAA(. _ UIC

Waste Stream GnrainR.ate Material Input U~eRt
(indicate uits: gaUYr (indicate Units: gl/yr
lb/yr. pints/mo. etc.) lb/yr. pints/mo. etc.)

Spent cleaning solvent Cleaning solvent

Carburetor cleaner Carburetor cleaner

Waste oil Engine oil

Antifreeze solution Antifreeze

Lead-acid batteries Lead-acid batteries

Battery acdd Baumer acid

Aqueous detergent Or caustic was6e Causticidetergent
(engine/radiamn washing)

Detergent solutai from floo wash Detergent floor wash

Oily dirt with heavy mealts

Spent sorbent Sorbent
(Dry-Sweep)

Contaminated fuel (mogasidiesel) Fuel: diesel
mogas

Ditty rags Rap

Solvent tank-bottom sludgeS

Contaminated waser

Other fluids (truansaion. brake. sec.) Other fluids (trutunisatan. brake. s6c)

Mixed wastes

Hazardous faulty parts (e.g.. brake pads)

H4scallanaus (specify) Miscellaneous (specify)
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Installation Date ,POC
Phone

WASTE ST-REAM/MATERIALS USAGE.: Aviation Minteance Facilities

Generator (Unit Name) Building , OD A AC... MC _

Waste ftm-eam G eration Rate Material-Input Usag Rate
(indicate mits: g&/yr (Midie unn g, yr
lb/yr. pinn/hno, etc.) ib/yr. pim/sno. emc.)

spent cleanig solvent Cleaning solvent

MEK degreaser & ctle Methyl eftl ketone

Calibrating fluid (specify) Calibrating fluid (specify)

Paint stripper (specify) Paint stripper (spify)
Paint thimer (specify) Paint Chimer (specify)

Filtrs (paint booth) Pilters (paint booth)

Used paint cant

Waste engine oil Engine oil
Deicer solutin Deicer

Nickel-cadriiw bateries Nickelcadmim bat ries
NICAD bay electrolye Bmay electroly (ponaim hydroide)

Aqueous detergent or caustic wastes Cautic/de gent(engine washing) (engine washing)

Detgent solution from floor wash Deergen floor wah

Oily dir wish avy metals

Spent sorbent Sorbent
(Thy-Sweep)
Comaminamtd fuel (Avga) Fuel (Ays)

Dirty r Ragp

Solvent unk-bom sgM s

Contaminated waer

Miscelnmeous (specify) Miseflarius (specify)
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Installation Date POC____________
Phone___ __

WASTE STREAMMATERIALS USAGE* Industrial Maintenance. Small Arms Shops

Generator (Unit Namne) Building DODAAC _ UIC

Waste Stmm G nertin at Matera nut sgeRt
(indicate uit: gallyr (indica mmrn gallyr
lb/yr. piuua/no. e~c.0) Wb/r, pinmaimo. etc.)

Detspm g solvent (wkchiosuitylei) Thichlorothylmw

Degressig solvent (l.1.-trchlowuhz Ae~cadimis)111tidrehn

Depeasig solvent (others) Degesming solvent (other. specify)

Paint thimgw (specify) Pawn &MMuw (specify)

Swrfacm cleaes (specify) Siufsca cleaners (specify)

Paint wuase

WaSIt Oil Lubricating oil

Hydrmilickcuins fluids Hydrualic & cuttig fluads

Corrouive chmicals (casma soda) Cawsac soda,

Corrsive chunmicala (phosphoric sold) Phosphorc aci

Corrosive chanicala (chromic acid) Curomic acid

Corrosive dismicala (phosphm sohlo.) MPIn"i

Corrosive chawnicals (oths. speciy) Corrosive chumnicala (othirs specfy)

Tank bottoos (specify)

Painu/suidl blasting wastes

Sumn clauming coapoimd (alkali wasa) Alkali

Radioactive sonm Radiosatve sowue.

Batteies (ad-acid. NICAD) Ban-ius LAdacid
Nickcal-cadrniaum

Batter alectrolyte (specify) Battery electrolyte (specify)

Misceilaaesms (specity) misceilaaimmis (specify)
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Installation Date . POC__
Phone______

WASTE STREAM/MATERIALS USAGE: Paint Shons

Generator (Unit Name) Building , DODAAC4Z. U._U

Waste Stream Generation Rate Material Innut Usaee Rate
(indicate mits: gal/yr (inacc Urs gaV
lb/yr. pints/mo. etc.) lb/yr, pinmsho. etc.)

Old/used pain cats

Old/used Paint

Paint Mim (specify) Paint tinners (specify)

Paint strippers (specify) Point strippers (specify)

Caustic wastes Caustic soda

Desgent solution from floor wash Detergent floor wash

Oy dirt with heavy mels

Spent sorbent Sosbmt
(Dry.Sweep)

Dity rags RAgP

Solvent mnk-boam sludges

Contuninad wSWr

Run, fm paint boohs Films (pin booths)

Sludges fiom wam-wall booths

Miscellaneous (specify) i.ceUmm (specify)
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Installation Date POC__ __________
Phone___ __

WASTE STREAMIMATERIALS USAGE: Hospitals. Clinics. and Laboratories

Generator (Unit Namne) BuildingD0DAAC____

Wage Stream Generation Rate Material Inoul 11Uate at
(indicat miw: gal/yr (irfcue u p1/yr

Pby. AUMMo. emc.) lb/yr. pims/m etc.)

Pathologica wasm (specify)

Medical infeciacq weg (Specity)

Phammarical wume (woembf)

Chuical weate (specify) LAbouaiv churnicas (zylWm)
Laboratory cherucals (mercuy)
Laboraory chanmdas (when, specify)

Radowdv wowm (specify)

Pliotopqu- wean (specify) PhowospI" ciiwicala (specify)

MliuNIMO (specify) Micimms(specify)
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Installation - Date_ POC
Phone e

WASTE STREAM/MATERIALS USAGE: PhotoLraDhY. Printing. Arts/Crafts Shops

Generator (Unit Narne)_ Buiding. _ DODAAC UTC

Waste Stream Generation Rate Material Inpru Usage Rate
(indicate rwts: gai/yr (mdicasc uss. ga/y
lb/yr. piuns/mo. etc.) lbr pnis/mo. etc.)

Solvents (specify) Solvents (specify)

Inks (specify) 
Inks (specify)

Photographic chemical wutes (specify) Photographic chtmicals (specify)

Printing chemical wastes (vp=ify) Priting chemicals (specify)

Bath dumps

Paint wastes

Painqsand blasting wastes

Other dry wastes

Misetuaneaus (specify) Miscellaneous (specify)
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Installation Date POC
Phone

WASTE STREAM/MATERIALS USAGE: Heating and Cooling Plants

Generator (Unit Name) Building DODAAC U C__

Waste Stm Generation Rate Material Input Us.e Rate
(indicate wuts: ga'yr (bnficate iuts: gl/,yr
lb/yr. pin/o. etc,) lb/tyr. pitsmo. etc.)

Wast oil

Contaminated tu oil Fuel oil

Naural g-

Combutble chemicals (cyclohetylannu) Combustble chemicals (cyciohezylanmie)

Combustble chemicals (odter. specify) Combumble chemicals (odtus spefy)

Carrve chunicala (caustc soda/pouah) Connwe chencals (caustic sodatpo sh)

Corosive chemicals (odw. specify) Coniwe chemicals (other specify)

Boile b-dwn

Ash

Mimlcaismas (Veafy) Mmacismaus- (secify)
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Installation Date POC
Phone

WASTE STREAM/MATERIALS USAGE: Laundry and Drcleaning Facilities

Generator (Unit Name) Building DODAAC UIC

Waste Stream .gpe_tiog Rate Material Input Usage Rate
(indicatc wii1s: Salyr "Cue its PV~
Ib/yr, pi zs/Mo, etc.) lb/yr, piLrno. etc.)

Corrosive chemicus (causic soda) Corrosive chemicals (caustic soda)

Corrosive chemicals (others. specify) Corrosive chenicals (others. specify)

Drycleaning compowd (pezloroethylene) Pemhlooethylene

Dryclearing compound (obers, speify) Drycleaning compowd (others, speci)

Equipment Own' FilUters

Contaminatd water

Othr dry want (speedy)

Mlscinneoug (specify) Mcfmw(specify)
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Installation- __________ Date POC_ ___________
Phone___ __

WASTE STIREA WMATER IA LS USAGE: Miscellaneous Generators

Generator (Unit Namne) Building * DODAAC _ UIC_ _

Waste Stream Generation Rate Material Input UaeRt
(idicate win: gal/yr (iuibce wUn5. gaL/yr
Ilyr. pmnthim. etc.) lb/yr. pdas/mo. etc.)

Wet cheuiiical wate (specify) Wet Cheals (specify)

Dry chmcal wastes (specify) Dry Chicals (specify)

Off-shelf lie chaiticals

Used diecuais (pesicids. eam.)

Bawies (specifv) Batterie (specify)

Rauny elscsmlye (spa*f) Danwy celoyi (spec*f)

Coattansani l

Dwitditrzed ummsna

Dsemuniadrig agents (MT. 052. etc.)

Hawmdous mnty cosisu (&wna ec.)

COusarniesd wWaer

Sludge &ram wow isr Was., urnad

lnjesddai warn

Ordum

Frn-igissieg (am Fins flihri forn

miscamemae (specify) Mu~cedsuem (specify)
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APPENDIX C:

FORT MEADE - LIST OF TENANTS

Named Tenants

1. Armed Forces Courier Service; Building 144 (JM4401; W8033K)

2. Army Frequency Coordinator, Building 1978

3. CAP Liaison Office (USAF); Building 2034

4. Central Clearance Facility; Building 4552A. 4571, 8611

5. CID, HQ, 1st Region, USACIDC; Building 2835, 2812

6. Corps of Engineers - Bay Area Office; Building T2844

7. Corps of Engineers - NSA Area Office; Building 8902

8. Defense Investigative Service; Building 4406

9. Defense Reutilization & Marketing Office (DRMO); Building T6297 (SX1213)

10. Dental Activity; Building 2455

11. EPES Dental Clinic; Building 8472

12. DC #3 KAH. Building 2480

13. Field Support Activity: Entomology Sciency Division, Environmental Health Division; Building
4411 (W23SHI)

14. District of Columbia National Guard, Building 2825

15. Equipment Concentraion Site, USAR (ECS); Building 2120A, B, C - Maintenance Branch,
Support Branch, Supply Branch. E & C Shop, Small Arms Shop (W23HAP)

16. Field Band USA; Building 4700 (W23A57)

17. FORSCOM Manpower Standards Activity; Building T383 (W807Y0)

18. Fort Meade Commissary Office; Building 2786 (W23VKV)

19. Command Aviation Company (COMP); Building PM0

20. HQ, Eastern Sector, Military Entrance Processing Command: Building 2845, 2837

21. HQ. CONUS MlI GP; Building 9805, 9802 (W23A7P)
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22. Intelligence Mat Act. USA Material Command (IMA); Building 4544, 2501: Electronics. Special

Fabrication. Maintenance Branch. Supply & Services Branch (W23BFK)

23. Marine Support Battalion. Co A; Building 9804, 9803 (M54032)

24. Medical Laboratory, Dept of Pathology; Building 2490 (W23A7S)

25. Military InteUigence Detachment (CI) (SPT) Building 2842

26. National Security Agency (HNS004; H98230; H98236; H98237; H98241

27. Naval Security Group Activity (NSGA); Building 9803. 9804, 9805 (N62936)

28. Northeast Commissary Region (USATSA); Building 563, 2813. 2814

29. Northeast Region Recruiting Command; Building 582. 603. 605. 618

30. Persone Support Detachment; Building 9805

31. Program Manager - Army Combat Identification Systems; Building 2424

32. Readiness Group Meade; Building 4553C

33. SATCOM Stadon (USAISC); Building 9801

34. Training Concepts Development Group; Building 6226

35. U.S. Army Caims Service (office of JAG); Building 4411 (W23NXN)

36. U.S. Army Pictorial Detctmen Building 606

37. U.S. Army Information Systems Command Fort Meade; Building 1978. 4554 (W23A7D)

38. Adminisative Services Division:; Building 4215A

39. U.. Army Institute of Dental Research (USAIDR); Building 2832. 2801. 2804. 2805. 2810.
2811

40. U.S. Army Regional Support Activity; Building 2018

41. U.S. Army Recruidg Battalion Baldmon Building 3179 (W23BDQ

42. U.S. Amy TMDE Support Operation (AMC)-(TSO); Building 2220 (WBORD3)

Numbered Tenants

43. 5th Infantry Platoon Pathfinder Airborne; Building 926. 939 (W23BCB)

44. 5th Weather Sq Deadhmem 2, OL-A: Building PSI

45. 10th Combat Support Hospital: Buiding 6507 (W23ASW)
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46. 10th Mobile Army Surgical Hospital; Building 8543

47. 1 1th Engineer Battalion, Company D: Building 8610, Building 8492: Motor Pool (W23A5T)

48. 1 Ith Special Forces Group (Airborne): Building 938, 939 (W23R6E; W23R6G)

49. llth Signal Company: Building 922 (W23R6D)

50. 31st Aviation Group HHD; ASF 85 (W81D33)

51. 31st Combat Aviation Group (WSIEDE; W81EUY)

52. 60th Aviation Battalion: ASF 85 (W81D31; W81EDC; W81EUW)

53. 75th Medical Detachment Dispensary (W23KE2)

54. 82nd Chemical Detachment; Building 8605 QV23A6Q)

55. 85th Medical Battalion; Building 8542, 8543. 8545, Building 72: Motor Pool. Building T60F:
Grounds Maintenance (W23BBV)

56. 97th Army Reserve Command; Building 1251 (W8OTSM)

57. Avn Spt Facility (ASF 85); Building 85 (WB1D31; W$1D33)

58. 99th Army Security Agency Co. (C&P); Building 934, Building 2125: Motor Pool (W23A08)

59. 138th Medical Detachment Anesthesiology; Building 2040 (W23KI)

60. 144th Ordnance Detachment;, Building 6359 (W23A52)

61. 173rd FIN SEC DISB; Building 2240 (W23A6G)

62. 209th Military Police Company, Building 8479, Building 8487: Motor Pool (W23A6W)

63. 212th Medical Detachment General Dispensary; Building 2240 (W23KFE)

64. 249th Medical Deachment Building 8541 (W23A6E)

65. 250th Medical Detachment Orthopedic; B.,ding 2240 (W23A6)

66. 252h Medical Detachment Thoracic; Building 2240 (W23KLY)

67. 293d Mility Police Company: Building 8478, Building 8486: Motor Pool (W23A6X)

68. 299th Maintenance Detachment; Building 1918 (W IC71)

69. 327th Aviation Company; Building 90 (W8OREB)

70. 342d Army Security Agency Company; Building 935, 936 (W23A17)

71. 356th Public Information Detachment; Building P1551 (W23RL3)
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72. 362 MI Det (CRF); Building 913 (W8OGU6)

73. 407th Personnel Services Company; Building 905 (WgOGQU)

74. 416th Engineer Command; Building 4551

75. 426 Chemical Detachment; Building 926 (W23XLF)

76. 440th Medical Detachment; Building 8545, 6208 (W23RJC)

77. 451st Military Police Detachment Building 979 (W23RL5)

78. 519th Military Police Battalion; Building 8476. 8477. 8478. 8479. 8487. 8544 (W23A6P)

79. 549th Ordnance Detachment (EODCC); Building 2231 (W23A54)

80. 630th Medical Detachment; Building 8541 (W23A6N)

81. 641st Military Inteiligence Detachment; Building 2240 (W23LE3)

82. 702nd Medical Detachment Building 8545, Building 71: Motor Pool (W23A6D)

83. 808th Chemical Detachment CBR STF SF. 11th SFG (W80GQC)

84. 818th Maintenance Company; BuildVing 7918: Mint. Shop (W8OPLE; W8OYOH; WgIC7U)

85. 860th Maintenace Detachment; Building T918 (WSIC7W)
86. 902nd Military Inteiligency Group. HQ$; Building 45€53. 4554, 8607. r'uilding 4662: Motor

Pool (W23ACZ)

87. 941st Maintenance Detachmem Building 918 (; "lC7X)

fi. 106th General Supply Company; Building 579. 4201 (W8IC7N)

89. 1 100th Resurce Management Gup det 2; Buildig 9805

90. 1100tht Training Evaluation Comm tRTU); Building 569

9;. 6940th Elecarnic Security Wing (ESC); Building 9800, 9801. 9804. 9805, 9827 (FY1336;
FY9166)

92. 6994dt Elecowtc Security S (FX7025; FY1403)

93. 8830th USA OSUT BDE MP. Buildhig 949, 978. 998 (W23RMT)
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APPENDIX D:

EXAMPLE OF INSTALLATION ENVIRONMENTAL POUCY

MEMORANDUM FOR DISTRIBUTION

SUBJECT: INSTALLATION ENVIRONMENTAL POLICY'

1. Fort George 0. Meade is committed to continued excellence, leadership, and stewardship in
protection of the environment Environmental protection is a primary command responsibility, as
well as the responsibility of all tenant activities and every military and civilian employee on the
installation.

2. Our objective as an Army installation is to reduce waste and achieve minimal adverse impact on the
air, water, and land through excellence in environmental controL

3. All the directorates and commanders of tenant activities will issue the following guidelines in support
of the above policy:

a. Every employee is responsible for environmental protection in the same manner he or
she is for safety. It is therefore an important measure of employee perfcrmance.

b. Minimizing or eliminating the generation of waste has been and continues to be a prime
consideration in all mission related activities; and is viewed by the command like safety
and loss prevention.

c. Reuse and recycling of materials has been wd will continue to be given first
consideration prior to classification and disposal of waste.

4. This environmental policy is consistent with the Department of Army Hazardous Waste Minimization
(HAZMIN) Policy'" (see enclosure), and must be adopted and implemented throughout the
installation.

Encl Garrison Commander

DISTRIBUTION

The EPA Manudl for Wae Minimizaion Opportuny Assew.meus (US. nvirwmenta Protection Agency. Hazardous
Waste Engini Reumb Laba ey, Cininrmaa OK 1988).
Hwardome Wage Mkiniawon (iAZMIN) Policy. Draft Policy (Depanan of the Army. Office of Chief of Engineers.
Washingwmn, D.C.. 28 Sepw ber 1988).
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ABBREVIATIONS AND ACRONYMS

AEHA U.S. Army Environmental Hygiene Agency

AFB Air Force Base

AFFF Aqueous Film Forming Foam

AMP Aviation Maintenance Facilities

AOAP Army Oil Analysis Program

AR Army Regulation

ASTM American Society of Testing and Materials

BOD Biological oxygen demand

Btu British thermal unit

CARC Chtmical agent resistant coating

CFR Code of Federal Regulations

DEH Directorate of Engineering and Housing

DERA Defense Envirenmental Restoration Account

DESR Defense Environmental Stums Report

DLA D. tena Logistics Agency

DO Dissolved oxygen

DOD Depamm of Defense

DODAAC Department of Defens Address Activity Code

DOHS State of California. Deptmnent of Health Services

DOL Diuctm of Logistics

DOT Deperanem of Transportation

DPCA Di petme of Personnnel and Community Activities

DPP Discouwed Paybick Period

DRMO Defese Reutlization and Marketing Office

DRMS Defense Reutilimion and Marketing Service
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EECO Energy and Environmental Control Office

E0D 144th Ordnance Detachment

FLOCS Fast Lube Oil Change System

FORSCOM U.S. Army Forces Command

FUSA First U.S. Army

FY Fiscal Year

GSA General Services Administration

HAZMIN Hazardous Waste Minimization

HCL Hospitals, Clinics, and Laboratories

HMTC Hazardous Materials Technical Center

HQDA Headquarters, Department of the Army

HSWA Hazardous and Solid Waste Ammendments

HW Hazardous Waste

[MA Inteligence Materiel Activity

IMSS dustrial Maintenance and Small Arms Shops

INSCOM U.S. Army Intelligence and Security Command

JLC Joint Logistics Commanders

KACH Kimbrough Army Community Hospital

MC Methylene Chloride

MEK Methyl ethyl ketone

MPRSA Marine Protection. Research. and Sanctuaries Act

MPVM Motor Pools and Vehicle Maintenance Facilities

MSDS Material Safety Data Sheet

MWSA Medical Waste Sanctions Act of 1988

NICAD Nickel cadmium

NIPER National Institute for Petroleum and Energy Research

NPDES National Pollution Discharge Elimination System
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NPV Net Present Valuc

NSA National Secunty Agency

O&M Operation and Maintenancc

OB/OD Open Burning/Opcn Dctonazion

PC Pcrchlorocthanc

PCB Polychlorinatcd Biphenyl

PCP Pentachlorophenol

PECI Productivity Enhancing Capital Investment

PERC Perchloroethylene

PMB Plastic media blastng

POL Petroleum. Oils. and Lubricants

PPAS Photography. Printing, and Ars/Crafts Shop

PS Paint 'hops

RCRA Resource Conservation and Recovery Act

SARA Superfund Amendments and Reauthorization Act

SIR Savings to Investment Ratio

SQO Small Quantity Generator

' SS Suspended solids

TASC Training and Audiovisual Support Center

TCE Trichloroethylene

TDS Total dissolv;,d solids

TM Technical Manual

TSCA Toxic Substances Control Act

TSDF T.xatment. Storage, and Disposal Facility

USACERL U.S. Army Construction Engineering Research Laboratory

USAIDR U.S. Army Institute of Dental Research

USATHAMA U.S. Army Toxic and Hazardous Materials Agency -
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USE Used Solvent Elimination

IJSEPA U.S. Environmental Protection AgeIncy

UJST Underground Storage Tank

WRIAMC Walter Reed Army Medical Center

WWTP Waste Water Treatment Plant
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